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ABSTRACT 

Non-typhoidal Salmonella (NTS) organisms are an important causes of food borne infections 

worldwide, with highest prevalence in the sub-Saharan Africa. Contaminated meat and poultry 

products, among many other factors, have been documented as the major sources of infection. 

The disease burden is further compounded by the prevalence of multi-drug resistant strains ofthe 

organisms, resulting in failures in empirical antimicrobial treatments . Other members of 

Enterobacteriaceae family (pathogenic or not) have also been indicated to contribute 

significantly to the spread of antimicrobial resistance genes, particularly within the family. It has 

therefore become imperative to control the contamination of meat and poultry products by NTS 

serotypes and other colifom1s. The effectiveness of this process however, depends on a proper 

definition of the risk analysis framework, beginning with risk assessment. In the North West 

Province (NWP) of South Africa, there have been reports of food borne illness outbreaks that 

were associated with consumption of poultry products, and in which cases NTS have been 

isolated. adequate data on the prevalence and characteristics of NTS serotypes in poultry 

products is lacking. Studies were therefore conducted, to evaluate the incidence of NTS 

serotypes and other coliform contaminants in raw and ready-to-eat (RTE) broiler products in the 

NWP of South Africa, and to characterize the isolates based on antimicrobial susceptibility and 

· stress response. 

In the first study, raw and RTE broiler products, obtained from the NWP of South Africa, were 

screened for NTS contamination. A total of 120 raw broiler samples and 6a samples of polonies 

and smoked viennas were obtained from retail points in major cities and towns of the province. 

Samples were subjected to aerobic plate count and later screened for the presence of NTS using 

phenotypic and genotypic techniques. Average bacterial count in raw products was 3.1 x 1 as 
cfulg whereas bacterial contamination of RTE products was 1.8 x 1a3 cfulg. The rate of 

contamination in both products is however, within the recommended safety limits for some 

developed countries. Samples obtained from butcheries had higher bacterial counts (2.2 x 1 as 
cfu/g) than samples obtained from supermarkets (1.4 x la4 cfulg). Similarly, raw chicken 

portions were more contaminated (7.6 x 1as cfu/g) than whole chicken carcasses (2.5 x 1as 

cfu/g). The average recovery rate of NTS species from raw broiler products was 12.5% and the 

Xl 

, 



serotypes identified were S. typhimurium (46.4%), S. enteritidis (30.9%) and S. newport (22.9%). 

No NTS was recovered from the RTE products. Significant difference in the rate of Salmonella 

isolation was noticed between locations (P = 0.009), with Mafikeng having the highest isolation 

rate (18.2% ). Furthermore, incidence of Salmonella contamination was higher in butchery 

(32%) than supermarket samples (18%). 

The rate of contamination of whole broiler carcasses was higher (30%) than that of chicken 

portions (20%). There were significant differences in the rate of isolation of the various 

serotypes from product types (P = 0.05). S. typhimurium was the predominant serotype in whole 

carcasses whereas S. enteritidis and S. newport were prevalent in chicken portions. Out of the 

160 presumptive Salmonella isolates screened by PCR, 140 (87.5%) were confirmed for the 

presence of Salmonella-specific invA gene. In addition, 115 (82.4%) of the confirmed isolates 

harboured the plasmid spvC gene. RAPD fingerprinting of isolates using RAPD 1 and RAPD 3 

primers revealed some inter- and intra-serotype genetic diversity among isolates, suggesting 

varying sources of contamination. No NTS was recovered from the RTE products. This study 

indicates that raw broiler products from the NWP are contaminated with NTS serotypes and 

therefore could be a potential vehicle ofNTS food-borne infections. 

In the second study, 60 representative isolates (20 isolates from each serotype) were evaluated 

for antimicrobial resistance by disk diffusion method, using a panel of ten antibiotics. The 

antimicrobials used were ampicillin (10 J..Lg) , chloramphenicol (30 11g), ciprofloxacin (5 11g), 

amikacin (30 !lg), trimethoprim-sulphamethoxasole (25 J..Lg), tetracycline (30 11g) cefotaxime (30 

11g), meropenem (1 0 11g), gentamicin (1 0 11g) and erythromycin (15 11g). Isolates that were 

resistant to ampicillin (n = 48), tetracycline (n = 60) and chloramphenicol (n = 12), common 

antibiotics used for treatment of invasive salmonellosis were further screened by PCR for 

antibiotic resistance genes, targeting the blaTEM, tet and cat genes. All the strains tested were 

resistant to two or more antibiotics. However, all isolates were susceptible to cefotaxime, 

meropenem, gentamycin and amikacin whereas all were resistant to tetracycline. Resistance to 

trimethoprim-sulphamethoxasole, ciprofloxacin and chloramphenicol was low, being 8.3%, 

13 .3% and 20% respectively. Multi-drug resistance was discovered only in nineS. typhimurium 

strains, representing 15% of the tested isolates. Analysis of multiple antibiotic resistance (MAR), 
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revealed seven phenotypes with resistance to ampicillin, tetracycline and erythromycin as the 

most common pattern. In addition, the blaTEM gene fragment was identified in 15 (31.3%) of 

the isolates screened, whereas the tet and cat genes were found in 12 (20%) and 6 (50%) of 

tetracycline and chloramphenicol-resistant isolates respectively. The observations of this study 

indicate that NTS strains isolated from broiler products are resistant to multiple antibiotics, 

including quinolones. This may constitute significant public health problem. 

Furthermore, the ability ofNTS serotypes to survive stress conditions, such as those encountered 

during food preparation, is an attribute of direct influence on both survival and virulence of the 

organisms. Therefore, in the third study, S. typhimurium, S. enteritidis and S. newport isolates 

obtained from the raw broiler products, were evaluated for response to thermal, acidic and 

osmotic stresses. The generation time of the isolates was initially determined. Thereafter, isolates 

were exposed to thermal stress (50°C, 55°C and 60°C), rosemary vinegar (6% acidity, used to 

adjust growth media to pH of2.0, 3.0, and 4.0) and NaCl (1M and 2M). The maximum period of 

exposure was 60 min during the log phase of growth. The average generation time obtained for 

the isolates was 38 min. Rosemary vinegar at pH 3.0 reduced colony counts by 44.5% after 30 

min of acid exposure whereas counts were reduced to zero at pH 2.0 during the same period. 

Exposure of isolates to a temperature of 50°C showed significant decline of 25.3% in colony 

counts in 10 min. This was followed by 9.2% (P = 0.6) and 30.5% (P = 0.03) increase in counts 

at 20 and 30 min respectively. However, when isolates were exposed to 55°C or 60°C for 20 or 

10 min, colony counts were reduced to zero. Adjustment of growth media with 2M NaCl showed 

a reduction of 3.3% in log cfu of isolates. This in-vitro study indicates that the NTS serotypes 

isolated from the NWP can survive treatment with NaCl, and are only sensitive to 6% rosemary 

vinegar (adjusted to pH 2.0) and heating at 55 or 60°C for 20 or 10 min respectively. Thus, the 

latter two treatments may be employed as effective strategies to control NTS in contaminated 

raw chicken products from slaughterhouse to table. 

In the fourth study, both raw and RTE broiler products (a total of 180 samples) were screened for 

the presence of other members of the family Enterobacteriaeceae (coliforms). Coliform species 

were identified by correlating cultural characteristics on MacConkey and XLD agars and 

biochemical reactions on Enteropluri-test®. Identified isolates were then tested for antibiotic 
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resistance by disk diffusion method using ampicillin (1 0 f..lg), ciprofloxacin (5 f.!g) , amikacin (30 

f.! g), trimethoprim-sulphamethoxasole (25 ·f.! g), cefotaxime (30 f.!g), meropenem (1 0 f.!g), 

gentamicin (1 0 1-1g) and erythromycin (15 ~-tg) . Results obtained showed that 7 5% (n = 90) of raw 

and 25% (n = 15) of RTE products were contaminated with various genera of coliforms. In raw 

products, the genera identified include Enterobacter (n = 34), Klebsiella (n = 13), Citrobacter (n 

= 6), Serratia (n = 14), Hafnia (n = 9), Escherichia (n = 11), Yersinia (n = 1) and Proteus (n = 2) 

whereas Klebsiella (n = 3), Serratia (n = 11) and Stenotrophomonas (n = 1) w~re recovered from 

RTE products. In general, two to four antimicrobial resistance phenotypes were observed among 

the isolates. A high frequency of resistance was manifested to ampicillin (93 .6%) and 

erythromycin (97.9%) whereas resistance to other antibiotics tested was moderate to low (27.7% 

and 6.4% respectively) . However, Yersinia pseudotuberculosis (from raw chicken) and 

Stenotrophomonas maltophilia (from RTE) were both resistant to seven out of the eight 

antibiotics tested, and were only susceptible to ciprofloxacin and trimethoprim­

sulphamethoxasole respectively. This study indicates that both raw and ready-to-eat poultry 

products are contaminated with various coliform species, some of which are resistant to easily 

accessible antibiotics used in the treatment of human infections. There is therefore a need to 

establish effective strategies to control these resistant pathogens particularly in RTE products, to 

which no further preparation is applied before consumption. 

These studies therefore represent the first reports on the incidence, stress response and 

antimicrobial resistance patterns of NTS strains isolated from raw chicken products in the NWP 

of South Africa. It is also the first report on the isolation of coliforms, particularly 

Stenotrophomonas maltophilia from RTE products in the province. However, observations of 

this study may be a reflection of poor hygienic conditions in the processing environments, or 

probably as a result of some post-processing contaminations of products. Thus the levels of 

distribution and consumption of poultry products in the NWP somewhat calls for establishment 

of good hygiene practices from farm to fork, in order to prevent the spread of resistant pathogens 

to the human community through foods of animal origin. 

Key words: Non-typhoidal Salmonella, stress, antimicrobial, coliforms, chicken, NWP 
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PREFACE 

For the purpose of clarity, the four sections of research included in this thesis are presented in 

article format. The four study units are amended with general introduction, literature review of 

related works and conclusion and recommendation chapters. 
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CHAPTER! 

GENERAL INTRODUCTION AND LITERATURE REVIEW 

1.1 General background 

Chicken meat remains the most affordable protein source relative to other meat protein sources, 

with a growing trend towards processed chicken meat particularly in South Africa CV anqulin, 

2009). In recent years, South Africa has experienced a tremendous growing demand of broiler 

meat, such that total potential broiler production for the year 2008 was 920.4 million units. The 

nation's poultry industry thus accounts for an estimated 16% of the total gross value of primary 

agriculture (GAIN, 2007). Part of the rise in chicken meat consumption seen in the last few years 

results from South Africa's steady economic growth and rising standards of living. These factors 

have equally fuelled the growth of foodservice markets with the establishment of quicker service 

restaurants as more consumers are pushed towards convenience. Thus demand factors have 

driven the growth of poultry industry, making it a big business in South Africa (GAIN, 2007). 

However, poultry meat and eggs have been rated globally as one of the major food items 

associated with food-borne illnesses, particularly salmonellosis (Rodrigo et al., 2006). 

Salmonellosis, which is characterized mainly by acute gastroenteritis with occasional 

complications of bacteremia, is caused by different serovars of Salmonella species. Some of the 

Salmonella serotypes are host-adaptive (e.g. S. gallinarum and S. pullorum in birds and S .typhi 

in humans) whereas others (non-typhoidal species) affect a wide variety of hosts . Although 

Salmonella is ubiquitous, the intestinal tract of animals remains the primary reservoir of non­

typhoidal serotypes, particularly with the advent of intensive animal production systems which 

favour colonisation (Antunes et al., 2003; Cooke et al. , 2007). The most commonly implicated 

source of non-typhoidal salmonellosis in humans is handling of raw poultry or consumption of 

undercooked poultry and poultry products (Foley et al. , 2008). Reports from previous studies 

indicate the presence of non-typhoidal Salmonella (NTS) infections in South Africa. For 

instance, Salmonella heidelberg was incriminated in a food-borne illness outbreak that was 

reported in Mpumalanga Province in August 2010 (NICD, 2010). Similarly, an autopsy study 
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carried out on 50 patients who died with a pre-mortem clinical diagnosis of tuberculosis in South 

Africa showed that about 94% of the patients were HIV -positive and 23% of the HIV~positive 

patients were harbouring splenic NTS (Marti son et al. , 2007). Kidanemariam et al. (20 1 0) 

recently identified S. heidelberg as the 6th most common NTS serotype isolated from food 

animals in South Africa with poultry accounting for 99% of the isolates. These reports indicate 

that NTS is present in South Africa and may constitute a public health burden. Given the rate of 

processing and consumption of poultry products in the country, and the level of risk associated 

with such activities, adequate knowledge of prevalence of Salmonella in chicken products has 

become very necessary. This calls for defining a risk analysis framework which begins with risk 

assessment. A few investigations have been conducted in South Africa to ascertain the 

contamination of chicken meat from retail stores with various pathogenic bacteria including 

Salmonella (van Nierop et al. , 2005). However, despite the fact that the NWP is one of the 

provinces with the largest production and distribution of broilers in the country, the incidence of 

NTS in its broiler products has not been documented. . This study therefore constitutes a 

valuable tool in risk analysis and strategic planning for the control of human salmonellosis in the 

NWP. 

1.2 Literature Review 

1.2.1 Introduction 

Poultry meat and eggs are still one of the cheapest sources of animal protein for the majority of 

South Africans (Gericke, 2009). Consequently, the broiler industry continues to dominate the 

agricultural sector as the main supplier of animal protein in South Africa, with the largest 

distribution (25%) in the NWP (SAPA, 2010). The local consumption of poultry meat in 2009 

accounted for approximately 56% of total meat consumption in South Africa, out of which 15% 

consisted of broiler imports (TAS, 201 0) . Furthermore, per capita consumption of commercially 

produced chicken meat in South Africa increased from 21 .7 kg/person in year 1997 to 31 

kg/person in year 2010 (Mons, 201 0). Figs. 1.1 and 1.2 show per capita meat consumption in 

South Africa and the provincial distribution of broilers. Recognized as an important public health 

problem, salmonellosis is one of the most frequent food-borne diseases in almost all 
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industrialized countries, with reports of significant mcrease m its incidence · m the last few 

decades (D'Aoust, 1997; Antunes eta!., 2003). 
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Figure 1.1: Per capita consumption of meat (kg) in South Africa over a ten year period (Adapted from 

Mons, 2010) 

30 

25 

h 
~ 20 

~ 15 
]! 

~ ~ 10 

5 

NWP WCP MPL KZN ECP 

Provinces 

GT FS NCP, 
LP 

Figure 1.2: Provincial distribution of broilers in South Africa (SAPA, 201 0). NWP =North West Province, 

WCP = Western Cape Province, MPL = Mpumalanga, KZN = KwaZulu-Natal, ECP = Eastern Cape 

Province, GT = Gauteng, FS = Free State, NCP, LP = Northern Cape Province, Limpopo 
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1.2.2 Salmonella 

Salmonella organisms are Gram-negative · rod-shaped bacteria belonging· to the family 

Enterobacteriaceae and genus Salmonella (Grimont et al. , 2000). They are non-encapsulated 

bacteria and are either obligate aerobes or facultative anaerobes. Their optimum temperature for 

growth is 35 to 43°C while the optimum pH is 6.6 to 8.2 with a water activity above 0.94 (Hanes, 

2003). Most strains of Salmonella species are motile with the aid of flagella (Fig. 1.3) except a 

few host-specific serotypes such as S. gallinarum and S. pullorum (Grim<?nt et al., 2000). 

Salmonella organisms are usually catalase positive and oxidase negative. They are also urease 

and indole negative, glucose and dulcitol fermenters and produce hydrogen sulphide gas 

(Grimont et al., 2000). Most non-host specific strains of Salmonella are prototrophic whereas the 

host-adapted and/or mutant strains are usually auxotrophic particularly for aromatic compounds 

(Grimont et al., 2000; Pounikar and Dawande, 2010). 

Figure 1.3: Flagellated Salmonella species (Adapted from Rao et al., 2004) 

1.2.3 History and taxonomy of Salmonella 

In 1880, Eberth first observed typhoid bacillus in spleen sections and mesenteric lymph nodes of 

a patient who died of typhoid and in 1884, Graffky cultivated the typhoid bacillus (Le Minor, 

1994 ). In 1886, the organism, then known as Salmonella choleraesuis was isolated from pigs by 
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Salmon and Smith when it was suspected to be the cause of swine fever (Grimont et al. , 2000). 

At this early stage, strains of Salmonella isolated from different clinical cases were thought to be 

different species and were thus given different names. However, the close DNA-relatedness 

among the Salmonella serotypes has been revealed through recent studies. Thus the existence of 

a common ancestor of the genus, about 25 - 40 million years ago, can be estimated (Baumler et 

al., 1998). Later, Salmonella serovars were named on the basis of animal species affected and 

then on geographical location (Tindall et al., 2005). However, Kauffmann in 1966, grouped the 

genus Salmonella into four subgenera viz: S. kaufmannii (group I), S. salamae (group II), S. 

arizonae (group III) and S. houtanae (group IV) based on biochemical characterization (Popoff 

et al., 2003). This grouping was somewhat limited by the genetic relatedness among the four 

groups. 

Thereafter, Le Minor and Popoff (1987) proposed the name S. enterica for the single Salmonella 

species, with about seven subspecies viz: S. enterica subsp enterica, S. enterica subsp salamae, 

S. enterica subsp arizonae, S. enterica subsp diarizonae, S. enterica subsp houtenae, S. enterica 

subsp bongori and S. enterica subsp indica. The proposal requested an opinion which has not 

been awarded by the Judicial Commission of the International Committee of Systematic 

Bacteriology (Tindall et al., 2005). Currently, two species of the genus Salmonella are 

recognized, namely S. enterica and S. bongori, based on taxonomic definition of genomic 

species (Reeves et a!. , 1989; Hohmann, 2001). In this nomenclature, serovar names are no longer 

written as species names. For example, S. typhimurium is written as S. enterica subsp enterica 

serovar Typhimurium (abbreviated as S. Typhimurium). Antigenic factors (0-somatic, Vi­

capsular and H-flagellar antigens) enabled further subdivision of S. enterica into six subspecies 

with more than 2,500 serotypes now identified within the species (Bennasar et al., 2000; 

Callaway et al., 2008). 

1.2.4 Salmonella detection methods 

For decades, detection of Salmonella in varwus types of samples has been by phenotypic 

identification based on cultural isolation on different types of media and biochemical reactions 

(Andrews, 1996). The results were often based on colony morphology and reactions with 
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different sugars. This method is usually time consuming and takes about 4 - 7 days for results to 

be obtained (van der Zee and Huis in't Veld, 2000). The results were also so.metimes confusing 

as some members of the family Enterobacteriaeceae exhibit morphology and biochemical 

reactions that are similar to those of Salmonella (Waltman, 2000). Regardless of the source of 

samples, steps involved in Salmonella isolation include i) direct culture particularly from clinical 

disease situations ii) non-selective pre-enrichment in media such as buffered peptone water iii) 

selective enrichment in Rappaport Vassiliadis broth iv) inoculation on plating media such as 

Xylose-lysine-desoxycholate and v) biochemical and serological characterization (Waltman, 

2000). Serotyping however is the method commonly used to differentiate strains of Salmonella 

using Salmonella polyvalent somatic (0) and flagellar (H) antisera (Yan et al. , 2003). The 

conventional serotyping was later found to have some limitations, such as limitations in detection 

of Vi antigens (Wain et al., 2005) and strains which are not typeable (Rasschaert et a!., 2005). 

Alternative methods were therefore introduced with the aims of reducing the analytical time, 

savings in staff time and media requirements and improving overall performance of the 

Salmonella detection procedure. Some of the alternative methods include immunological and 

nucleic acid-based (PCR) assays. The latter, combined with automated instrumental teclmiques 

form the basis of current Salmonella monitoring systems (van der Zee and Huis in' t Veld, 2000) 

1.2.5 Host specificity of Salmonella 

Although most Salmonella serotypes infect both man and animals, they can be divided into host­

specific, host-restricted and generalist serotypes based on the degree of host adaptation (Hoelzer 

et al., 2011). Host-specific serotypes cause disease in one host species (e.g. S. typhi in human) 

whereas the host-restricted serotypes predominantly cause disease in one species but can also 

infect other species (e.g. S. dublin in cattle). Infections with either host-specific or host-restricted 

serotypes are usually systemic and marked with low morbidity and high mortality. On the 

contrary, the generalist serotypes (e.g. S. typhimurium) usually cause disease in a wide range of 

hosts (Uzzau et al. , 2000), with gastroenteritis as the predominant symptom. Morbidity is usually 

high with low mortality. 

6 



1.2.6 Salmonellosis 

Salmonellosis is a bacterial infection of both humans and animals caused by various strains of 

Salmonella species. In chickens, the disease occurs in two forms viz: true avian salmonellosis 

(fowl typhoid and pullorum) caused by host-specific Salmonella gallinarum and paratyphoid or 

non-typhoidal salmonellosis caused by various serotypes of Salmonella spp (Breytenbach, 2004). 

The latter form is of both economic and public health importance. Similarly, human typhoidal 

salmonellosis is caused by host-specific S. typhi and S. paratyphi with enteritis as the major 

clinical symptom. The major route of transmission of human typhoidal salmonellosis is fecal­

oral via contaminated food and water (Cooke et al. , 2007). The World Health Organisation 

estimates global incidence of typhoid fever to be 22 million cases resulting in 200,000 deaths 

annually (Crump et al., 2004). Non-typhoidal salmonellosis may occur subclinically in birds, but 

may also affect animal performance and provoke morbidity and mortality particularly in chicks 

(Callaway et al., 2008). Most importantly, non-typhoidal Salmonella spp are able to colonise the 

gastrointestinal tract of chickens, leading to carcass contamination. The end result is onward 

transmission of the pathogens to human consumers through the contaminated carcasses, resulting 

in human non-typhoidal salmonellosis (Berchieri et al. , 2000). In the United States, 

approximately 95% of cases of human salmonellosis are associated with the consumption of 

contaminated products such as poultry meat (Foley and Lynne, 2008). 

Non-typhoidal Salmonella (NTS) infections cause four clinical syndromes in humans which 

include diarrhoeal disease (gastroenteritis), invasive bacteremic illness, focal suppurative 

infection and asymptomatic carrier in the stool (Gordon, 2008). In immunocompetent 

individuals, the disease may be restricted to self-limiting diarrhea that does not require 

hospitalization. However, immunocompromised patients may present primary bacteremia or 

other extraintestinal forms with high morbidity and mortality (Dhanoa and Kia, 2009). The 

gastroenteritic disease is usually characterized by fever, abdominal cramps, nausea, vomiting and 

watery diarrhoea which can sometimes contain blood and mucus. Clinical manifestations of the 

disease can set in as early as 6 to 72 hours post exposure to Salmonella, and can last for 4 to 7 

days (Zand et al. , 2003). 
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1.2. 7 Epidemiology of human salmonellosis 

Salmonella infections continue to have a serious impact on human and animal health globally, 

causing significant morbidity and mmiality with serious socioeconomic effects (Cooke et al., 

2007). Human NTS infections thus constitute a major public health problem and represent a huge 

cost for many countries. The World Health Organisation (WHO) estimated an annual incidence 

of 1.3 billion cases of diarrhea due to NTS, resulting in about 3 million deaths (Maripandi and 

Al-Salamah, 201 0). An annual estimate of 1.4 million cases of human NTS infections resulting 

in 582 deaths have been reported in the U.S. (McDermott, 2006). A comparative study in U.K. 

revealed an aruma! estimate of 41 ,616 cases resulting in 119 deaths (Adak et al., 2002). A total 

of 154,099 cases of human salmonellosis were reported by the 25 EU Member States in 2004 

(EFSA, 2009), with the major sources being egg and poultry meat. 

The endemicity of invasive NTS infections to the sub-Saharan Africa has been established by 

several studies (Morpeth et al., 2009). For instance, NTS infection case-fatality estimates of 

4.4%- 27% for children and 22%- 47% for adults among hospitalized patients in Africa have 

been documented (Gordon et al., 2002; Brent et al., 2006). Non-typhoidal Salmonella have been 

isolated from up to 35% of HIV -infected African adults with documented bloodstream 

infections, and mortality rate of 35- 60% have been reported in sub-Saharan Africa (Hohmann, 

2001; Kankwatira et a!., 2004 ). Furthermore, Keddy et al. (2009) reported S. typhimurium as a 

major opportunistic pathogen particularly of HIV -positive individuals. In Kenya, the incidence 

of 88 cases ofNTS bacteremia per 100,000 persons/year has been reported in children under the 

age of 5 years (Morpeth et al., 2009). Similarly, an estimate of 7,500 NTS bacteremia cases per 

100,000 persons/year has been reported among adults with CD4 cell counts of less than 200 

cells/mm3 in Uganda (Gilks, 1998). In Mozambique, children aged 15 years and below have 

recorded childhood bacteremia cases as high as 120 per 100,000 persons/year (Sigauque et al. , 

2009). Despite the fact that NTS cases are usually underreported, 1,3 18 cases of infective NTS 

were microbiologically confirmed in South Africa between years 2003 and 2004, with S. 

typhimurium and S. enteritidis as the most common serovars (Feasay et al., 201 0). Two different 

outbreaks of food-borne illness were reported in Mpumalanga Province of South Africa during 

years 2006 and 2010, incriminating S. virchow and S. heidelberg as the respective causes (Smith 
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et al., 2007; NICD, 2010). This is an indication that NTS is endemic in South Africa as 

illustrated by the recent provinc ial numbers of NTS cases reported to GERM-SA in 2011 (Fig. 

1.4). 
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Figure 1.4: Number ofNTS cases by province reported to G ERM-SA in 20 II (Crowther-Gibson eta!., 20 II ). 

1.2.8 Risk factors of Salmonella infection 

Risk factors for NTS infections in Africa have not been properly characterized. However, studies 

from developed countries provide guidelines for identification of the risk factors in developing 

countri es. The risk factors can be categorized into environmental and host factors . The 

environmental factors include food/water, nosocomial infections, direct/indirect contact with 

animals, and transmission between humans (Morpeth et al ., 2009). Host factors however, include 

age, malnutrition, disease conditions (e. g. sickle cell , malaria, schistosomiasis and HIV 

infections) and recent antibiotic use (Pavia et al. , 1990; Berkley et al. , 2005 ; Enwere et al. , 

2006). NTS infections appear to be age specific with higher prevalence in children less than 3 

years old and adults above 50 years of age (Sigauque et al. , 2009). Medications that reduce 

gastric acidity also tend to increase the risk of gastroenteritis (Leonard et al., 2007). Reports 

from surveillance studies have indicated the association of NTS infections with yearly 
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seasonality, with highest incidence recorded during the summer months (Cho et a!., 2008). 

Similarly, recent antibiotic use coupled with ·malnutrition can destabilize normal intestinal flora 

and compromise mucosal integrity thereby increasing the risk ofNTS gastroenteritis (Morpeth et 

a!. , 2009). Individuals with severe clinical immunosuppression are more prone to NTS infections 

and usually present primary bacteraemia, leukopenia and opportunistic infections without 

gastroenteritis (Dhanoa and Fatt, 2009). 

1.2.9 Impact of HIVIAIDS on salmonellosis 

Patients with AIDS and other syndromes with T -cell defects are at risk for severe infections with 

Salmonella (Jacobs et al., 1985). HIV-infected persons have an estimated 20- to 100-fold 

increased risk of salmonellosis compared with the general population (Celum eta!., 1987). The 

clinical course of Salmonella infections in patients with AIDS is different from that seen in non­

AIDS persons, one major difference being the incidence of bacteraemia (Jacobs et al., 1985; 

Wolday and Erge, 1998). Among HIVinfected persons in Africa, including South Africa, 

Salmonella species are one of the most common causes of bacteraemia, are often multi-drug 

resistant and associated with high mortality (24%- 80%) and recurrence rates (43%) (Berkowitz, 

1984; Gordon et al., 2002). South Africa has the highest number of HIVinfected people in the 

world, with an estimated 5 million infected by the virus (Fassin and Schneider, 2003). Yet, many 

HIV I AIDS patients in South Africa are residents of rural areas, which lack adequate sanitation, 

proper hygienic practices, and efficient supply of potable water (Grabow, 1996; Von Schimding, 

1993). This further aggravates the risk of exposure to bacterial pathogens including Salmonella. 

1.2.10 NTS infection in chickens 

It is very common for poultry to be infected with various serovars of Salmonella. The severity of 

infection is influenced by many factors which include age of birds, breed of chicken, route of 

infection, infectious dose and invasiveness ofthe serovar involved. In the domestic fowl, sources 

of Salmonella infection may be via horizontal or vertical transmission. Horizontal transmission 

may be by contaminated litter, faeces, feed, water, equipments and other fomites or by contact 

with rodents, pets, wild birds and personnel infected with Salmonella (Poppe et al., 1991 ; Kinde 
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et al. , 1996). Infection of the hen's follicles in the ovary or the developing eggs in the oviduct 

leads to vertical transmission. However, many of the factors influencing both horizontal and 

vertical transmissions are interrelated (Poppe, 2000). Salmonella infection in chickens is usually 

confined to the gastrointestinal tract, in which case infected birds shed the organism in their 

faeces (Cooke et al., 2007). Studies have however shown that the bacteria can multiply in the 

liver and spleen following invasion, thereby resulting in systemic infection (Hinton et al. , 1990). 

Invasiveness of the organism is the major determinant of virulence although the incidence of 

invasion decreases with the age of birds (Poppe, 2000). 

1.2.11 Prevalence of NTS in poultry flocks 

The prevalence of Salmonella in poultry, particularly in broiler flocks in most countries has been 

well investigated (Harrison et al., 2001 ; Chadfield et al., 2001 ). A report from EFSA published 

in 2007 indicated an average of 23 .7% of broiler farms in European Union that were positive for 

Salmonella. The Commission Regulation however set a community target of reducing the 

prevalence of S. enteritidis and S. typhimurium in broiler flocks to a maximum of 1% by 

December, 2011 (EFSA, 2007) . In other developed countries, the prevalence varies. For instance, 

in the United Kingdom, the flock prevalence of Salmonella in poultry was found to range 

between 25 - 29% (Harrison et al., 2001), in Canada, 76.9% (Chambers et al., 1998), in 

Denmark, 25% (Chadfield et al., 2001), in Turkey, 41.3% (Carli et al. , 2001), in France, 69.8% 

(Rose et al. , 1999) and in Brazil, 21.7% (Tavechio et al., 2002). Sasipreeyajan et al. (1996) 

investigated Salmonella contamination in 35 different poultry farms comprising of broiler, 

breeder and layer flocks in Thailand. Samples from litter, feed and drinking water were also 

analyzed along with cloacal swabs from the birds. All the flocks except two layer farms were 

positive for Salmonella. Similarly, Boonprasert et al. (2009) screened the prevalence of 

Salmonella in two broiler breeder farms in Northern Thailand using samples from flocks of 

different ages. Their report revealed Salmonella prevalence of 82.8% which tends to increase 

with age. In Africa however, very little information is available on flock prevalence of 

Salmonella. 
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1.2.12 Prevalence of Salmonella in chicken carcasses 

Oftentimes, poultry pr~ducts have been established as vehicles of Salmonella transmission 

(Dhilon eta!., 2001; Smith eta!. , 2007). Indeed, it has been estimated that approximately 10% of 

salmonellosis cases are caused by poultry meat (Oliveira et a!., 2006). Jemgklinchani et a!. 

(1994) analyzed 705 chicken meat samples obtained from different retail outlets and processing 

plants in Bangkok and discovered that 66% of the samples were positive for Salmonella. Similar 

surveys undertaken by Bomunar et al. (1998) and Tangkawattana et a!. (2009) in the same 

province revealed 72% and 42% levels of Salmonella contamination in the chicken meat samples 

respectively. Investigations in Korea revealed the prevalence of S. enteritidis in chicken and eggs 

from retail outlets to be 18.5% (Chang et al., 2000). Prevalence of 15 .9 1% has been recorded for 

S. enteritidis in retail chicken meat in India (Maripandi and Al-Salamah, 2010). Hang'ombe et 

al. (1999) reported a prevalence of 4.7% for S. enteritidis in market-ready chicken carcasses in 

Zambia whereas a prevalence of 18.1% has been reported from Khartoum state in Sudan (El 

Hussein et a!., 201 0). The level of contamination of chicken carcasses by Sa!n1onella, 

Campylobacter and Listeria in Gauteng, South Africa, was assessed by van Nierop eta!. (2005). 

They observed that 19.2% of the carcasses harbour Salmonella and that significantly higher fresh 

carcasses from butcheries than other outlets were contaminated with Salmonella. A review of 

studies looking at the location of pathogens in food products revealed the average prevalence of 

Salmonella on the surface of poultry meat to be 22 .6%. Furthermore, the prevalence of 

Salmonella on the surface of poultry meat was reported to be about 6 times higher than its 

prevalence inside the meat (Luber, 2009). 

1.2.13 Routes of transmission of Salmonella 

Salmonella is ubiquitous in nature and can be found in soil and water environment. However, 

intestinal tracts of both domestic and wild animals remain the primary reservoirs of NTS 

(Hendriksen et al., 2011 ). During slaughter, Salmonella is passed from the intestinal tract of the 

host, through fecal contamination, to meat products. Similarly, some Salmonella serovars 

particularly S. enteritidis may colonise chicken ovaries and can be transmitted through eggs. 

Thus infection in humans may be acquired from contaminated meat or eggs, particularly when 
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undercooked. This seems to be the predominant situation in most developed countries (Morpeth 

et al., 2009; Hendriksen et al. , 2011). Fruits and vegetables may also be contaminated with waste 

water · from animal res.ervoirs, resulting in human infections (Hanning et al. , 2009). Other 

additional routes of human infection by NTS has been postulated in developing countries and 

these include hospital acquired infection, direct and indirect animal contact and transmission 

between humans (Morpeth et al., 2009) . Fig. 1.5 shows the various routes of Salmonella 

transmission between reservoirs and the human population. 

A nill"'<> l" 

! 
Abbatoir 

l 
Meat, Meat 
products 

Fruits, 
Vel!etahle 

l 
Figure 1.5: Routes of transmission of Salmonella between reservoirs and human population (Adapted from 

Hendriksen et a!., 2011) 

1.2.14 Pathogenesis of human salmonellosis 

Following ingestion of contaminated food/water, Salmonella passes through the mucosa of the 

intestine and attaches to intestinal epithelia (Cooke et al., 2007) . This is followed by invasion 

and intracellular replication of Salmonella, resulting in Salmonella containing vacuole (SCV). 

The SCV then contains large numbers of the bacteria within 6 hours post-infection (Finlay and 
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Falkow, 1990). Salmonella typhimurium, as revealed by structural analysis, prefers to invade M­

cells in the follicle-associated epithelium of Peyers patches and also the epithelial cells at the tips 

of absorptive villi (Santos et al., 2002). Baumler et al. (1996) speculated that adhesins may be 

involved in targeting cell types for invasion. During invasion of epithelial cells, as demonstrated 

in bovine ligated ileal loop, Salmonella transits rapidly from apical location to basolateral 

location within 1 hour post-infection. This is followed by translocation into the lamina propria 1 

- 2 hours after infection (Reis et al., 2003). 

During this process, Salmonella also translocates a number of effector proteins (SipA, SopA, 

SopB, SopD, SopE and SopE2) into the host cell through Type III secretion system (TTSS-1) . 

The TTSS-1 effectors trigger rearrangement of the cytoskeleton of the host cell and cause the 

formation of membrane ruffles coupled with bacterial internalization by macropinocytosis 

(Frances et a!., 1993). Furthermore, the effector proteins are necessary for induction of 

chemoattractants such as CXC chemokines. These trigger neutrophil influx leading to 

transepithelial migration of the neutrophils into the intestinal lumen (Lee et a!. , 2000; Zhang et 

al., 2003). The neutrophil influx in tum, stimulates chloride secretion in intestinal epithelial cells 

(Madara et al. , 1993), followed by sodium and water to balance charge and osmolarity 

respectively. This leads to diarrhea accompanied by severe dehydration. The TTSS-1 

components (Fig. 1.6) are encoded by Salmonella Pathogenicity Island 1 (SPil), a genomic 

region which is present in Salmonella serovars but absent in closely related bacteria (Li et al. , 

1995). Fig. 1. 7 shows Salmonella invasion, multiplication and dissemination in the host. 
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Figure 1.6: Diagram showing Type Ill secretion system of Salmonella (Adapted from Rao eta!. , 2004) 
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Figure 1.7: Schematic diagram of Salmonella invasion, multiplication and dissemination in the host (Rao eta!. , 

2004) 
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1.2.15 Virulence of Salmonella 

Virulence factors that are responsible for pathogenicity in enteric bacteria are often encoded by 

plasmids. Virulence plasmids have only been found in Salmonella belonging to subspecies 1. In 

warm-blooded animals, the Salmonella virulence plasmid is necessary for bacterial 

multiplication in the reticulo-endothelial system (Rotger and Casadesus, 1999), thus indicating 

its importance in systemic infection (Baumler et al., 2000). The importance of the virulence 

plasmid in systemic diseases caused by NTS serovars is evidenced by the presence of the spv 

(7.8 kb region of Salmonella virulence plasmid) operons in strains that are more associated with 

disseminated infections e.g. S. typhimurium and S. enteritidis. Gulig and Doyle (1993) reported 

increased ability of S. typhimurium to infect liver and spleen of mice through the aid of spv gene, 

which increased the rate of bacterial replication within the host cell. The spv region of 

Salmonella subspecies I harbors five genes organized as a regulon viz; spvRABCD. Entry of 

Salmonella into macrophages/epithelial cells induces the expression of rpoS, which in turn 

regulates the expression of spvR. The latter (spvR) exerts the regulation of spvABCD (Coynault 

eta!., 1992; Marshall et al., 1999). Control ofthe expression of spv operon may also be by PhoP­

PhoQ, the two-component regulatory system (Matsui et , al., 2000). Furthermore, 

lipopolysaccharide (LPS), which is a unique constituent of the outer membrane of Gram­

negative bacteria, is a major determinant of virulence in Salmonella (Thomsen et al., 2002). 

Location and size of the components of spv operon are shown in Table 1.1 below. 

Table 1.1: Location and size of spv structural genes 

Spv gene Localization Size (kDa) 

SpvR 
..,.., 
.).) 

SpvA Outer membrane 28 

SpvB Cytoplasm, Inner membrane 66 

SpvC Cytoplasm 28 

SpvD Outside the cell, cellular 25 
fractions 

Adapted from Rotger and Casadesus (1999) 
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1.2.16 Antimicrobial resistance in Salmonella 

NTS gastrointestinal infections in immunocompetent individuals usually do not require treatment 

as the disease is often self-limiting. However, treatment with antimicrobials is necessary in 

patients with severe infections, bacteremia or immunosuppression (Hohmann, 2001 ). Drugs of 

choice for treatment of salmonellosis include ·ampicillin, chloramphenicol, trimethoprim + 

sulphamethoxasole, fluoroquinolones and 3rd generation cephalosporins (McDe1mott, 2006). 

However, high levels of antimicrobial-resistant NTS have been reported iri African countries 

(Lee et al. , 2009). Antimicrobial resistance increases the morbidity, mortality and costs 

associated with disease and therefore have serious social and economic consequences in both 

hwnan and veterinary medicine (Helmuth, 2000). 

Since the 1950s, antimicrobial agents have been used in livestock and poultry production to 

improve growth and feed efficiency as well as to treat infections (Angulo et al., 2004 ). This 

practice has however, created a selective pressure that has resulted in the emergence and 

dissemination of antimicrobial-resistant bacteria in both human and animals (van den Bogaard 

and Stobberingh, 1999; Salisbury et al. , 2002). This happened as a result of frequent exposure of 

large numbers of animals to subtherapeutic concentrations of the antibiotics, irrespective of their 

health status (Franco et al. , 1990). Over the years, Salmonella has evolved several virulence and 

antimicrobial resistance mechanisms that has resulted in unending public health challenges. 

Many of the genes that encode resistance are located on transmissible elements such as plasmids 

which enable potential transfer of resistance among strains (Foley and Lynne, 2008). White et al. 

(2007) tested for Salmonella in meat, poultry and egg products in the U.S. through three U.S . 

regulatory testing programs. They observed that 10 out of the 148 S. enteritidis isolates identified 

were resistant to two or more antimicrobials. Similarly, in South Brazil, Salmonella enteritidis 

isolates from broiler carcasses, food, human and poultry-related samples were screened for 

antimicrobial resistance. About 90 .1% of the strains identified showed resistance to at least one 

antimicrobial agent (de Oliviera et al., 2005). Tllis was further confirmed recently by the 

investigation of Duarte et al. (2009) who discovered that 94.7% of the19 Salmonella isolates 

found in broiler carcasses were resistant to at least one antimicrobial agent. In Portugal, 75% of 

Salmonella isolates obtained from poultry products were resistant to one or more antibiotics, 
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with eight resistant profiles recorded (Antunes et al., 2003). Similarly, 68.8% prevalence of 

multi-drug resistant strains of Salmonella has been reported in Turkey (Dogru 'et al. , 201 0). 

The close relationship among strains of S. enteritidis and the protracted spread of a single clone 

over a large geographical area was confirmed by Laconcha et al. (2000) when they investigated 

its phage types from three European countries. They discovered that many of the PT1 , PT4 and 

PT6 strains from the three countries shared the same PFGE combination profiles. Similar 

characteristics have also been noted earlier in strains of S. typhimurium definitive phage type 104 

(DT104), in which the multi-drug resistance has been linked to the spread of a single strain 

through food animals and humans (Glynn et al., 1998; Threlfall, 2000). Indeed, it is believed that 

DT1 04 which possesses chromosome resistance to ampicillin, chloramphenicol, streptomycin, 

sulphonamide and tetracycline, increased antimicrobial resistance dissemination (Gross et al., 

1998). Furthermore, Ridley and Threlfall (1998) demonstrated resistance genes in DT1 04 to be 

in integrons. Briggs and Fratamico (1999) concluded that the resistance genes of DT1 04, both 

integron- and transposon-mediated are encoded by a discrete segment of DNA which appears to 

be related to plasmids of Vibrio anguillarum and Pasteurella piscicida 

Thus, antimicrobial-resistant pathogens can either be transmitted directly to humans through 

food animals (van Hoek et al. , 2005) or transfer their genetic determinants for resistance to 

human pathogens of related species. This causes adverse consequences on human health and 

increases the potential for treatment failures (Angulo et al. , 2004). An example of such treatment 

failures was reported by Molbak et al. (1999) when two patients died from an outbreak of multi­

drug resistant S. typhimurium DT104 in Denmark, sequele to treatment with fluoroquinolone . 

The outbreak was attributed to contaminated pork and the Salmonella isolates from both human 

and pork samples were less susceptible to fluoroquinolones. This was corroborated by the result 

of a matched cohort study undertaken by Helms et al. (2003) in a Danish population. They 

discovered that particular risk was associated with quinolone resistance in food-borne S. 

typhimurium. They attributed the excess mortality among patients infected with multi-drug 

resistant S. typhimurium to additional quinolone resistance in many of the multi-drug resistant 

isolates. 
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In an epidemiological study, Delicato et al. (2004) analysed the profile of antimicrobial 

resistance among strains of Salmonella isolated from patients with gastroenteritis symptoms. 

They noted high resistance inS. typhimurium and S. enterica subsp.enterica serotype 4,5, 12:i:- to 

the majority of antimicrobials tested. Identification and molecular characterization of bovine, 

porcine, and human multidrug-resistant Salmonella isolates that are resistant to extended­

spectrum cephalosporins and cephamycins have also been reported (Miriagou et al., 2004). A 

plasmid-mediated CMY-2 AmpC-like gene was identified in all the animal and human isolates 

(Winokur eta!., 2001). In Kenya, Kariuki et al. (2005) reported a rise in multidrug-resistant NTS 

from 31% in 1994 to 42% in 2005. In 1998 through to 1999 in South Africa, multi-drug resistant 

Salmonella typhimurium phage type DT1 04 strains were isolated from HIV -positive patients at 

the Chris Hani Baragwanath Hospital in Gauteng Province (Crewe-Brown et al., 2000). Kruger 

et al. (2004) described the genetic basis for antibiotic resistance in S. typhimurium and S. isangi. 

They observed that most strains of the Salmonella serotypes produced either TEM 63 or TEM 

131. This is a significant public health problem in South Africa, with particular reference to 

treatment of serious non-typhoidal Salmonella infections in children. 

1.2.17 Mechanisms of antibiotic resistance iii Salmonella 

Three major mechanisms of antibiotic resistance have been identified viz: 

a) Modification or destruction of an antibiotic to render it inactive against the target 

microorganism. This is more common against lactam antibiotics e.g. TEM-type and PSE­

type usually found in Salmonella (Medeiros, 1997). 

b) Prevention of access of an antibiotic into the cell or target site e.g. tetracycline resistance 

(Roberts, 1996). 

c) Modification of a target site to render it insensitive to antibiotics e.g. trimethoprim and 

fluoroquinolone resistance (Hooper and Wolfson, 1993 ). 

Although resistance to antibiotics can be natural, acquired resistance is of greater public health 

significance. The latter is accomplished through acquisition of resistance genes by horizontal 

gene transfer (Carattoli, 2003). Resistance genes can either be located on extrachromosomal 

elements called plasmids or on segments that originate from another genome and inserted within 

the chromosome. In the latter case, acquisition of the new gene may occur by genetic 
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transformation or transduction. However, when resistance genes are located on plasmids, they 

can be mobilized by conjugative transfer at a very high frequency and efficiency and may 

involve simultaneous acquisition of several resistance genes (Waters, 1999). Transfom1ation 

involves the uptake of naked DNA by cells (e.g. from dead bacterium), and is more efficient 

when the cells are in a state of competence whereas transduction is the process of delivering a 

gene by a virus or a bacteriophage into a new host cell (Helmuth, 2000). Conjugation on the 

other hand, is a parasexual, horizontal, gene-transfer process in which plasmids (self-replicating 

extra-chromosomal DNA molecules) are exchanged by a donor and recipient through formation 

of mating aggregates (Fig. 1.8). 

Resistance gene-borne plasmids are known as R-factors consisting of several genetic units, 

including genes that are essential for the initiation and control of replication (Helmuth, 2000; 

Carattoli, 2003). However, the self-transferable R-factors basically carry the resistance transfer 

factor (RTF) which provides fertility, and the resistance determinant (R) which provides 

resistance phenotype. Two plasmids may be related and share common replication controls thus 

making it impossible for both plasmids to propagate in the same celL line (Couturier et al., 1988). 

Based on this fact, plasmids are classified into incompatibility groups, of which four groups have 

been identified. These are Ti, IncF, IncP, and Incl plasmid groups respectively (Waters, 1999). 

Fmihermore, other genetic structures such as transposons and integrons may be carried on R­

factors and other DNA molecules. Transposons are usually the location sites for resistance genes 

encoded by plasmids whereas integrons are the DNA elements responsible for capturing and 

expression of resistance genes. Integrons encode the integrase (site-specific recombinase) which 

promotes the acquisition of exogenous genes (Hall and Collis, 1995). 

Thus, integrase-mediated site-specific recombination is an efficient genetic mechanism by which 

bacteria acquire resistance genes (Carattoli, 2003). Four classes of integrons have been described 

viz: 

a) Class 1 integron carrying the integrase gene (Intll) and commonly found in bacterial 

pathogens (Carattoli, 2001). 

b) Class 2 integrons carrying the defective integrase gene (Int/2) and associated with Tn7 

family of transposons (Radstrom et a!., 1994 ). 
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Figure 1.8: Diagrammatic representations of the various methods of acquisition of antibiotic resistance genes in 

Salmonella (Adapted from Henriques et al., 20 12) 

c) Class 3 integron containing bla1MP gene cassette that confers resistance to carbapenems 

(Arakawa et al., 1995). 

d) Class 4 integrons described in the chromosome of Vibrio cholera and associated with 

virulence genes (Rowe-Magnus et al. , 1999). 

Class 1 integrons possess two conserved segments namely 5 ' -CS and 3 ' -CS, flanking a variable 

region (Hall and Collis, 199 5). The 5 ' -CS contains a promoter (allows the expression of the gene 

cassette), the genes for the site-specific integration, the Inti and the attachment site (attll) (Fig. 

1.9). The 3' -CS however contains genes for resistance to disinfectants (qacE6.1) and 

sulphonamides. The gene cassette, which is a discrete unit that consists of one complete open 

reading frame (ORF) and a recombination site called 59-base element, is integrated between the 

5'-CS and 3' -CS (Bissonette and Roy, 1992; Recchia and Hall, 1995). 
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Figure 1.9: Schematic diagram of plasmid-mediated horizontal tran sfer of antibiotic resistance (Adapted from 

Carattoli , 2003) 

1.2.18 Stress response in Salmonella 

The fact that bacteria generally are able to respond or adapt to changes in their immediate 

environment is becoming a recognized challenge in the food industry. Salmonella spp, which is 

no exception, encounters various environmental stresses within food, gastrointestinal tract and 

host immune system. Such stresses include temperature change, nutrient deprivation, osmotic 

shock, pH extremes and DNA damage (Foster and Spector, 1995). Depending on the duration 

and severity of exposure, the stresses may inhibit the growth/survival and subsequently influence 

the virulence of the organism (K won eta/. , 1998). 
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It is therefore essential for Salmonella to be able to adapt rapidly to various environmental 

changes for survival. Response of Salmonella to stress is particularly manifested in three major 

areas which include response to: 

a) host defense systems during infection (Rouquette et al., 1998). 

b) lethal or sub-lethal effects of physical/chemical treatments . 

c) conditions in preserved and minimally processed foods . 

Various typical genes can be induced under stress conditions, coding mainly for transcriptional 

stress regulator proteins. These proteins can activate other genes that are necessary for 

adaptation/survival of such stress conditions (Kenyon et al., 2002). Changes in gene expression, 

triggered by environmental signals, occur through various mechanisms including transcriptional 

repressors, alternative sigma factors ( cr5
) , etc (Shen and Fang, 2011) (Table 1.2). However, the 

cr5 is referred to as general stress regulator because of its ability to regulate a large number of 

genes (>500 genes) in response to stress (Hengge, 2009). This ability makes it an effective 

means for the cell to rapidly effect major changes in gene expression (Shen and Fang, 2011 ). 

Furthe1more, response of bacteria to one stress can cross-protecL the organism against other 

stress factors and cause changes in some aspects of the bacterial metabolism resulting in 

persistent, more resistant and dangerous pathogens (Shah, 2011). This is because both stress 

response and virulence genes are expressed during response to changes in environmental 

conditions. The various stress factors experienced by Salmonella during colonization in the host 

and the regulons induced are shown in Table 1.3 below. 

Table 1.2: Different environmental stresses experienced by Salmonella 

Stress factors 

C-starvation 

Oxidative 

Acid 

Heat 

Osmotic 

Regulators 

cr ; cr ; cAMP-CPR 

crH· ci· crE· DkSA· LexA Fur 
' ' ' ' ' 

crs; crE; AdiY; DkSA; Fur; ompR-EnvZ; Pho-PQ; RecA 

crH· crs. crE· cAMP-CPR 
' ' ' 

Adapted from Spector and Kenyon, 2012 

23 

,, 



1.2.19 Response of Salmonella to acid stress 

Salmonellae must survive the acidic condit1ons of the stomach in order to gain entrance into the 

small intestine and cause disease. This, the organisms achieve by protecting themselves through 

certain pH homeostatic mechanisms such as: 

a) prevention of protons from entering the cell. 

b) pumping of protons out of the cell. 

c) repair of damaged macromolecules. 

d) manufacture of key enzymes isoforms with optimum pH in acid range (Foster, 2001). 

Salmonella typhimurium is able to grow in minimal media with pH as low as 5.0 but at pH 

below 4.0, the cells undergo rapid death due to inability to maintain internal pH suitable enough 

for viability (Foster and Hall, 1991). Ngwai et a!. (2007) reported a better survival of S. 

typhimurium and S. enteritidis at pH 4.0 compared with pH 2.6. It has however been shown that 

prior adaptation to mild or sub-lethal acidic conditions can enhance the survival of S. 

typhimurium in extremely harsh acidic conditions (Foster, 1991). For instance, Foster and Hall 

(1990) demonstrated improved survival of acid-adapted S. typhimurium in chicken meat. 

Table 1.3: Different environmental stresses experienced by Salmonella during colonization of a susceptible host 

Environment 

Outside of host ( 1) 

Stomach 

Duodenum 

Ileum 

Epithelium 

Outside of host (2) 

Stress Factor 

Low temperature, low 

nutrients 

Extreme acid pH 

Bile 

Decreased oxygen supply, 

SCFA, 

competitive flora 

CAMP 

Low temperature, aerobiosis 

Adapted from Rychlik and Barrow, 2005 

24 

Regulons induced 

rpoS, esp 

rpoS,jur, ompR, phoP 

phoP 

Fur, areA 

rpoS 

sdiA, luxS 

phoP 

rpoS, fur, esp, areA , oxyR, 

soxRS 
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Similarly, Foster (2001) noticed that exposure of exponential phase cells of Salmonella to pH 

5.8 or 4.5 for 30 or 60 mins protected the · cells when subsequently exposed to pH 3.0. This is 

due to the fact that pre-incubation of Salmonella cells at pH near 6.0 (optimum pH 5.8) triggers 

the acid tolerance response (ATR) as 'well as synthesis of acid shock proteins (ASPs). Proteome 

analysis revealed 60 and 45 ASPs produced during the adaptation of exponential phase and 

stationary phase cells of Salmonella respectively (Foster, 2001). The ASPs are induced by 

transcriptional regulators which are coded for by genes induced during exposure to acid stress 

(Hermans, 2007). 

Log phase A TR is regulated by iron regulatory protein Fur, the two component regulatory 

system PhoPQ and the alternative RNA polymerase sigma factor cr5 (encoded by rpoS gene) 

(Bearson et al., 1998; Hall and Foster, 1996; Lee et al., 1995). Stationary phase ATR, on the 

other hand, is regulated by the classic response regulator OmpR (Bang et al., 2000). Mutants of 

S. typhimurium lacking the regulators were found to be acid sensitive (Foster, 2001). Although 

the importance of the sigma factor cr5 is usually associated with stationary phase cells, it has 

been discovered that its level increases dramatically in log phase cells that are subjected to brief 

acid shock (Lee et al. , 1995). This is because the cr5
, which is rapidly degraded by ClpXP in log 

phase cells, becomes resistant to degradation following acid shock (Webb et al., 1999; Foster, 

2001). ClpXP is a protease complex that is important for degradation of misfolded proteins 

generated during stress (Thomsen et al. , 2002) Fig. 1.10 below shows the processes of 

transcription, translation and proteolysis of the sigma factor cr5 by various regulatory and 

environmental stress factors . 
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by vari ous regulatory fac tors and environmental stress conditions (Spector and Kenyon, 20 12) 

1.2.20 Response of Salmonella to heat stress 

Cooking or heating at high temperature is a primary method of food treatment to protect against 

food-borne diseases. However, increase in heat resistance post exposure to sub-lethal 

temperature has been reported in Salmonella spp. (Humphrey et a/. , 1993). Although Ngwai et 

a/. (2007) observed signifi cant reduction in survival of S. enteritidis and S. typhimurium exposed 

to 52°C, Kumar and Kumar (2003) reported a better survival of S. sefte nberg at 53 and 55°C after 

heat shocking at 50°C for 30 mins. The phenomenon of increase in heat resistance exhibited by 

cell s grown at slightly higher temperature than optimum is attributed to production of heat shock 
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proteins (HSPs) (Ananthan et al. 1986). Response of Salmonella to heat stress is divided into 

cytoplasmic heat shock and extracytoplasmic response. The former is controlled by the heat­

shock sigma factor OH whereas the latter is regulated by sigma factor OE (Nonaka et a/. , 2006; 

Ades, 2008). Although the two factors are activated through different molecular mechanisms, 

both mechanisms allow for a quick response to thermal stress (Spector and Kenyon, 20 12). 

Canovas et al. (2001) further discovered that trehalose, a disaccharide, is crucial for the groWth 

of Salmonella at high temperature. 

1.2.21 Response of Salmonella to osmotic stress 

Salmonella spp rapidly responds to osmotic changes encountered in various host and non-host 

environments (Winfield and Groisman, 2003). The bacterial cells often attempt to maintain 

turgor pressure in response to either hypotonic or hype1ionic environment. It does this by either 

increasing or decreasing the concentration of the solutes in the cytosol and peri plasm, depending 

on the prevailing osmotic condition (Wood, 2006). However, the responses to osmotic stress in 

Salmonella (either physiological or genetic) usually involve an immediate temporary measure to 

counter the imbalance in osmotic pressure. The temporary measures are later replaced by long­

term readjustments to the osmotic challenge (Spector and Kenyon, 2012). For instance, increase 

in osmotic pressure leads to loss of water from the cytoplasm. This results in the induction of an 

operon (kdpABC) encoding a high-affinity K+ transport system causing rapid accumulation of 

intracellular K+ (Balaji et al., 2005). Tllis is a temporary solution that is later replaced by 

accumulation of compatible solutes such as proline and trehalose (Empadinhas and da Costa, 

2008). 

1.3 Aim and objectives of this study 

To establish the level of prevalence of non-typhoidal Salmonella spp in broiler products in the 

North West Province and to investigate their rate of antimicrobial and stress resistance using 

established conventional methods of identification, serological characterization and molecular 

techniques. 
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1.3 1 Hypothesis 

Raw and RTE broiler products sold in NWP of South Africa are contaminated 'with antimicrobial 

and stress-resistant strairis ofNTS. 

1.3.2 Objectives 

1. Screen raw and ready-to-eat broiler products obtained from the NWP of South Africa for 

incidence of NTS contamination. 

2. Investigate the resistance of NTS species isolated from broiler products in the Province to 

some common antimicrobials, and to screen the isolates for the presence of antibiotic 

resistance genes. 

3. Evaluate the resistance ofNTS spp. isolated from broiler products obtained from the NWP of 

South Africa, to thermal, acidic and osmotic stress. 

4. Evaluate the incidence and antibiotic resistance of coliforms in raw and RTE broiler products 

obtained from the NWP of South Africa. 
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CHAPTER2 

INCIDENCE OF NON-TYPHOIDAL SALMONELLA STRAINS IN RAW AND READY­

TO-EAT BROILER PRODUCTS IN THE NORTH WEST PROVINCE OF SOUTH 

AFRICA 

2.1 Introduction 

Non-typhoidal salmonellosis (NTS) is an important public health problem worldwide particularly 

in sub-Saharan Africa where it commonly manifests as gastroenteritis and/or bloodstream 

infections in both children and adults (Morpeth et al., 2009). The gastroenteritis form, which 

may sometimes be self-limiting, 1s commonly found m industrialised countries. 

Immunocompromised individuals including patients with HIV, cancer or diabetes, are at higher 

risks of NTS bacteremia and often develop focal infections such as meningitis, septic arthritis, 

pneumonia and osteomyelitis (Hohmann, 2001). Although more than 2,500 serovars of 

Salmonella enterica have been reported, S. typhimurium and S. enteritidis are identified as the 

commonest causes of human infection (Humphrey, 2000; Herikstad et al., 2002). A retrospective 

study in one hospital in the Democratic Republic of Congo from 2002 to 2006, revealed that 

NTS caused 59% of bacteremia in children. Salmonella typhimurium and Salmonella enteritidis 

were responsible for 82% of the cases (Vandenberg et al., 2010). In Mozambique, NTS were 

reported to account for 120 cases of childhood bacteremia per 100,000 persons/year (Sigauque et 

al., 2009). Contaminated poultry meat and eggs, among other factors , have been implicated as 

vehicles of transmission of these hardy pathogens (Dogru et al. , 201 0). For these reasons, there 

have been numerous studies focusing on assessing the incidence/prevalence of non-typhoidal 

Salmonella strains in chicken carcasses and other meat products (Antunes et al. , 2003 ; Dogru et 

al. , 2010; El Hussein et al., 2010). 

In South Africa, the past few years have witnessed tremendous increase in chicken meat 

consumption (Mons, 2010). Concurrently, the Enteric Disease Reference Unit of the National 

Institute for Communicable Diseases has noted an increasing number of non-typhoidal 

Salmonella isolates despite the fact that human salmonellosis cases are rarely reported. This is 
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evidenced by recent outbreaks of food-borne illnesses in Mpumalanga Province of South Africa, 

incriminating NTS serotypes. One of the outbreaks involved the consumption of meals prepared 

with poultry products (Smith eta!., 2007; NICD, 201 0). These outbreaks indicate the presence of 

NTS in South Africa, which may be an issue of public health concern. A few investigations have 

been conducted in South Africa to ascertain the contamination of chicken carcasses and ready-to­

eat foods from retail stores, with various pathogenic bacteria including Salmonella (van Nierop 

et a!. , 2005; Christison et a!., 2008). However, the incidence of NTS in broiler products in the 

North West Province (NWP) has not been established despite the fact that the NWP is one of the 

provinces with the largest production and distribution of broilers in the country. The objective of 

this study therefore is to screen raw and ready-to-eat broiler products obtained from the NWP of 

South Africa for incidence ofNTS contamination. 

2.2 Materials and Methods 

2.2.1 Geographical description of the study area 

The geographical area for screening is the NWP of South Africa. The province, which is located 

on latitude 25 .8°S and longitude 25.5°E offers an almost year-round sunshine, with average 

rainfall of 300 - 700 mm annually. The province is also marked by two distinct seasons of 

summer and winter months, with summer temperature ranging between 22 - 34°C. Average 

winter temperature is l6°C though it may range between 2- 20°C in a single day. 

2.2.2 Sampling Design 

The study design was cross-sectional in which sampling was done based on two shop types and 

three product groups. The towns and shops that were visited were randomly selected. Shops 

included butcheries and supen11arkets, whereas product groups included whole broiler carcasses, 

chicken parts and ready-to-eat broiler products such as sausages. The sampling, which lasted for 

6 months, commenced in October 2010 and ended in March 2011. This period corresponds to the 
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summer months in the study area, when conditions are expected to favour the thriving of many 

bacteria. 

2.2.3 Determination of sample size and sampling procedure 

Primary population size (shops) that was sampled was detennined according to the formular of 

Magnani (1997): 

Za *SD 12 ( J
2 

L Where SD = (p(l- p )r ; P = Expected prevalence; L =Accepted error and Za =value for normally 

distributed data at confidence level ex 

Based on expected prevalence of 40% and confidence level of 90%, the total number of shops 

that were sampled for analysis was 57 (comprising of 37 supermarkets and 20 butcheries). A 

total number of 180 samples were obtained for analysis based on purchase of a minimum of three 

product groups from each shop, and keeping 5% above the actual sample size as risk in 

preventing sample loss during analysis. The temperature of samples at point of purchase was 

recorded and it ranged from -20 to 4°C. All samples purchased were within the expiration date 

for consumption. Each sample was placed in a separate sterile plastic bag, labelled according to 

area of collection and product type, and transported to the laboratory on ice (Reid, 2009). 

Samples were maintained at 4 °C until processing which was within 24 hrs after collection. The 

product information for each sample which included product name, brand, weight, name of store 

and location where product was obtained were recorded. Each sample was then assigned a 

working number for easy identification. For all the procedures involved in the analysis, 

Salmonella typhimurium ATCC 14028 was used as a positive control strain whereas E. coli 

ATCC 25922 was used as a negative control. For all culture, isolation and biochemical screening 

techniques were carried out using the MFHPB-20 procedure (Reid, 2009) with appropriate 

modifications. Figs. 2.1 and 2.2 below show the samples and various locations within the 

province where samples were obtained respectively. Similarly, Tables 2.1 and 2.2 indicate the 

number of samples obtained from specific locations and samples obtained by product and shop 

types respectively. 
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Figure 2.1 A: Sample of whole chicken carcass (raw product) 

Figure 2.1 B: Sample of chicken Vienna (ready-to-eat product) 
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Figure 2.2: Map of the North West Province of South Africa showing locations where samples were obtained . 

2.2.4 Determination of total bacterial counts in samples 

Briefly, 25 g of each sample was aseptically removed and homogenized with 225 ml of 2% 

buffered peptone water (BPW) in a stomacher bag (Nasco, USA). Then, 1 ml of the homogenate 

was transferred to Eppendorf tubes after which serial dilutions were made using 2% BPW. 

Aliquots (0.1 ml) of each dilution were plated on plate count agar (Merck, SA) by spreading, and 

incubated at 37°C for 24 hours after which colonies were counted and recorded as cfu/g sample. 
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2.2.5 Isolation of Salmonella species from broiler carcasses and sausages 

2.2.5.1 Broiler carcasses: Each sample was aseptically removed from the package and 

transferred to a sterile plastic bag. Then 150 ml of BPW was added to each bag and the mixture 

was shaken constantly for 2 mins to obtain carcass rinse. Thereafter, 25 ml of the rinse liquid 

was transferred to a Whirl-pak bag (Nasco, USA) and another 75 ml of BPW was added. Each 

bag was sealed and incubated at 37°C for 18 hours. Following incubation, the contents of each 

Whirl-pak bag (Nasco, USA) were homogenized and 0.1 ml aliquots of the· homogenate were 

transferred to 10 ml of Rappaport-Vassiliadis (RV) broth (Merck, SA) for selective emichment 

of Salmonella. The broth was incubated at 42°C for 24 hours. 

Table 2.1: Number of shops" visited and number ofsamplesb purchased per location 

Sampling area No. of shops visited No. of samples obtained 

Suncity 2 6 

Koster 3 10 

Delareyville 5 16 

Vryburg 4 12 

Mmabatho 3 10 

Mafikeng 10 33 

Zeerust 6 19 

Rustenburg 6 18 

Lichtenburg 5 16 

Klerksdorp 5 15 

Potchefsroom 8 25 

Total 57 180 

"Depended on number of shops available within a particular location; bminimum of three samples comprising of the 

three sample types were purchased from each shop. 

2.2.5.2 Chicken sausages: Twenty-five grammes of each sample was aseptically removed and 

homogenized with 225 ml of full strength BPW in a stomacher bag (Nasca, USA). The mixture 

was incubated at 37°C for 18 hours. Thereafter, the mixture was homogenized and 0.1 ml aliquot 

ofthe homogenate was transferred to 10 ml ofRV broth and incubated at 42°C for 24 hours . 
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Table 2.2: Number of products obtained by product and shop type 

Product type 

Whole broiler 
carcasses (WBC) 
Chicken parts (CP) 

Ready-to-eat (RTE) 

Shop type 

· Supermarket 

30 

50 

40 

Butchery 

15 

25 

20 

Following incubation of inoculated RV broths for all samples, the broths were kept at room 

temperature for 24 hours (Waltman, 2000) . Then a loopful of each broth sample was streaked on 

Xylose Lysine Desoxycholate (XLD) agar (Merck, SA) and Salmonella Shigella agar (Merck, 

SA) respectively and incubated at 37°C for 24 - 36 hrs . Presumptive isolates were further 

purified by streaking on XLD agar (Merck, SA) and thereafter preserved on nutrient agar 

(Merck, SA) slants for further analysis . 

2.2.6 Biochemical screening 

All presumptive isolates from the XLD agar culture were inoculated on Triple Sugar Iron (TSI) 

agar (Merck SA) slants and incubated at 37°C for 24 hours. Presumptive Salmonella isolates 

from TSI plates were further confirmed using API-20E test (bioMerieux, Inc., South Africa) 

performed according to manufacturer' s instructions. Briefly, a plastic strip holding twenty mini­

test tubes was inoculated with a saline suspension of a presumptive Salmonella culture. A few of 

the tubes were completely filled (for CIT, VP and GEL) while some tubes were overlaid with 

mineral oil such that anaerobic reactions can be carried out (for ADH, LDC, ODC, H2S and 

URE). Oxidase reaction was carried out separately. Following incubation of inoculated strips at 

3 7°C for 18 - 24 hours, the colour reactions were read and the reactions were converted to a 

seven-digit code. This was fed into the manufacturer ' s database for generic and species 

identification. 
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2.2. 7 Serological identification 

Isolates showing typical Salmonella biochemical reactions were serotyped by slide agglutination 

test using Salmonella specific polyvalent antisera (Davies diagnostics, South Africa) for 0 and H 

antigens. The test was performed according to manufacturer' s instructions. Briefly, 10 Jll 

volumes of sterile 0.85% saline solution were placed on sterile microscope slides in duplicate. 

Single colonies were picked and emulsified on both drops to obtain uniform turbidity. Then 10 Jll 

aliquots of each polyvalent antiserum was added to one of the emulsions while a drop of saline 

was added to the other emulsion (control) . The slides were rocked gently for 1 min after which 

they were observed for formation of precipitate. 

2.2.8 Molecular characterization of presumptive Salmonella isolates 

All isolates were screened for the presence of the invasion (invA) and virulence (spvC) genes by 

PCR. 

2.2.8.1 DNA extraction 

Genomic DNA was extracted usmg Zymo® kit (Inqaba biotec, SA), for amplification of 

bacterial16S rRNA gene fragment as the internal control for all isolates and for fingerprinting by 

RAPD-PCR. The extraction was carried out according to manufacturer' s protocol. Plasmid DNA 

was then extracted for effective amplification of invA and spvC genes. The extraction was done 

by alkaline lysis using the method of Sambrook et al. (1989) with modifications. Briefly, a single 

colony of presumptive Salmonella isolate was inoculated in 10 ml of nutrient broth (Merck, SA) 

and incubated overnight at 3 7°C with shaking at 120 rpm. Aliquots (1.5 ml) of the culture were 

then transferred to 2 ml Eppendorf tubes and centrifuged at 13 ,500 rpm (Biofuge Haereus, 

Ge1many) for 5 mins. The supernatant was decanted after which 100 Jll of solution 1 (50 mM 

glucose, 50 mM Tris-HCl, pH 8.0, 10 mM ethylene diamine tetraacetic acid) was added to the 

tube followed by vortexing to dissociate bacterial pellets. The tubes were iced for 10 mins. 

Thereafter, 200 !ll of lysis solution (200 mM NaOH, 1% SDS) was added to the tube and the 

contents mixed by inverting the tube several times. The tubes were again iced for 10 mins. Then 

150 Jll of solution III (5 M Potassium acetate, glacial acetic acid) was added to the tube and the 
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contents mixed by inverting. Ten microlitres each of Lysozyme (1 %) and Proteinase K (1 %) 

were added to the mixture to facilitate cell wall lysis and denaturation of proteins respectively. 

The tubes were allowed to stand for 5 mins at room temperature after which the tubes were 

spinned at 13, 500 rpm (Biofuge Haereus, Germany) for 5 mins. The supernatant was removed 

and transferred to a new sterile Eppendorf tube, after which 450 Jll of phenol and chloroform: 

isoamylalcohol (24:1) was added. The tubes were spinned at 13,500 rpm for 1 min. The 

supernatants were decanted and the pellets were washed by adding 1 ml of absolute ethanol. The 

tubes were vortexed briefly and then spinned at 13,500 rpm for 1 min. The ethanol was then 

thoroughly decanted and the tubes were left to air dry on the bench for 5 mins. Thereafter, 100 Jll 

of sterile distilled water was added to the tubes and the pellets were resuspended by incubating 

the tubes in a water bath at 65°C for 1 hour. The isolated DNA was then stored at -20°C till use. 

2.2.8.2 Determination of the quantity and purity of extracted DNA 

Quantification of DNA extracted from all isolates (including control strains) was done using UV 

Visible Spectrophotometer (model S-22, Boeco, Germany) . A 1:10 dilution of the extracted 

DNA was prepared in glass cuvettes (Sigma, SA) using sterile distilled nuclease-free water, 

which was also used as a blank. The optical density (OD) of the diluted samples at wavelengths 

of 260 nm was used to determine the concentration of the DNA in solution, using the standard 

that an OD of 1 at 260 nm corresponds to approximately 50 Jlg/ml of doublestranded DNA. The 

purity of the extracted DNA was estimated using the ratio of OD at a wavelength of 260 nm 

versus OD at a wavelength of 280 nm as described by following the method of Sambrook et al. 

(1989). The readings of extracted DNA in the current study were between 1.8 and 2.0. 

Thereafter, 5 111 of the purified DNA was analysed by standard submarine gel electrophoresis 

using 0.8% (w/v) agarose at 5 Vcm-1 for 2 hours, to check the integrity of the DNA. 

2.2.8.3 Polymerase chain reaction (PCR) of extracted DNA 

The 16S rRNA gene fragments of all isolates were initially amplified as an internal control 

(Muyzer et al. , 1995). Thereafter, presumptive Salmonella isolates were screened for the 

presence of invasion (invA) and virulence (spvC) genes for identity confirmation (Khan et al. , 
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2000). All the oligonucleotide pnmers used for PCR reactions were obtained from Inqaba 

biotech, South Africa, and details of the sequences are shown in Table 2.3. ,Cycling conditions 

for amplification of 16S rRNA gene include preincubation at 95°C for 5 min followed by 35 

cycles of denaturation at 94°C for 30 sec, annealing at 61 °C for 30 sec and extension at 72°C for 

1 min. Final extension was carried out at 72°C for 5 min after the last cycle. For invA and spvC 

genes, preincubation was at 94°C for 90 sec followed by 30 cycles of denaturation at 94°C for 45 

sec, annealing at 60°C for 45 sec and extension at 72°C for 90 sec. After the last cycle, final 

strand extension was done at 72°C for 3 min. All PCR reactions were prepared in 25 111 volumes 

consisting of 1 llg/111 of the template DNA, 50 pmol of each oligonucleotide primer, IX PCR 

master mix, 1 U Taq DNA polymerase and nuclease free distilled water. 

Table 2.3: Primers used for amplification of target genes 

Primer Sequence (5' - 3') 

27F AGAGTTTGATCCTGGCTCAG 

1492R GGTTACCTTGTTACGACTT 

InvF CGCGGCCCGATTTTCTCTGGA 
I 

invR AATGCGGGGATCTGGGCGACAAG 

VirF GGGGCGGAAATACCATCTACA 

VirR GCGCCCAGGCTAACACG 

Target gene Amplicon Reference 

size (bp) 

16S 1450 Muyzer et al. , 

ribosomal 1995 

gene 

invA 321 Khan et al. , 

2007 

spvC 392 Khan et al. , 

2007 

Amplifications were performed using a Peltier Thermal Cycler (model-PTC-220 DY AD™ DNA 

ENGINE). A reaction blank containing all the components of the reaction mixture except the 

template DNA was included in each PCR procedure to check for contamination. Thereafter, 10 

111 of the PCR amplicons was analysed by standard submarine gel electrophoresis using 1% (w/v) 

agarose at 60 V for 6 hours. Gene ruler™ 100 bp (Fermentas, USA)/Lambda marker were used 

as molecular weight markers in all the electrophoretic analyses. Electrophoresis was conducted 
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m a horizontal Pharmacia biotech equipment system (model Hoefer HE 99X; Amersham 

Pham1acia biotech, Sweden) using 1x TAE running buffer (40 mM Tris, 1 mM EDTA and 20 

mM glacial acetic acid, .pH 8.0). The gels were stained in ethidium bromide (0.1 mg/ml) for 15 

min and amplicons were visualised under UV light (Sambrook et al., 1989). A Gene Genius Bio 

imaging system (Syngene, Synoptics; UK) was used to capture the image using GeneSnap 

(version 6.00.22) software. Images were analysed using GeneTools (version 3.07.01) software. 

Amplicons which showed clear bands for 16S rRNA, invA and spvC genes were purified and 

sequenced (Inqaba Biotech, SA) for strain identification of the isolates. The search for amino 

acid homology of the sequence results was done using the NCBI Basic Local Alignment Search 

Tool (BLAST) (http://www.ncbi.nlm.nih.gov/BLASTJ. 

2.2.8.4 Random amplification of polymorphic DNA (RAPD) -PCR 

Confirmed Salmonella isolates identified through the expression of Salmonella-specific invA 

gene were further subjected to fingerprinting by RAPD-PCR to evaluate the genetic diversity 

among the isolates. Oligonucleotides of short sequence were used (Table 2.4) and the PCR 

reactions were prepared as before. For RAPD 1, the cycling conditions included an initial 

denaturation step at 94°C for 5 mins followed by 42 cycles of denaturation at 94°C for 1 minute, 

annealing at 27°C for 45 seconds and extension at 72°C for 90 seconds. The last cycle was 

followed by final extension at 72°C for 5 mins (Habtamu-Taddele et al., 2011). Initial 

denaturation step for RAPD 2 and 3 was at 94°C for 1 minute followed by 40 cycles of 

denaturation at 94°C for 1 minute, annealing at 36°C for 1 minute and extension at 72°C for 2 

mins. Final extension was carried out at 72°C for 10 mins (Quintaes et al., 2004 ). Aliquots (1 0 

!J.l) of the resulting amplicons were characterised on 1.2% agarose gel electrophoresed at 60 V 

for 6 hours . Isolates were later scored for the presence or absence (1 or 0) of each band on 

agarose gel (Habtamu-Taddele eta!. , 2011). 
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Table 2.4 RAPD primers used for fingerprinting of isolates 

Primer Sequence (5 ' - 3 ' ) 

RAPD 1 AGCGTCACTC 

RAPD2 GCGGAAATAG 

RAPD3 AACGCGCAAC 

2.2.9 Data analysis 

Reference 

Quintaes et al., 
2004 

To obtain the cfu/g of sample for total bacterial counts, colonies on plate count agar were 

counted and compared with the dilution factor as follows (McLandsborough, 2004) : 

Cfu/g sample = No. of Colonies 
Dilution factor x Weight of sample 

All Salmonella populations were transformed to base 10 logarithms before analysis. Recovery 

rate of Salmonella isolates was calculated using the following equation as described by 

Chari mba et al. (20 1 0). 

R 
No of positive samples X 

100 ecovery rate = --~----'--
Total no of samples 

Means in recovery rates between locations, shop and product types were compared usmg 

Student-t Test of SPSS (SPSS 10.0 for windows, SPSS Chicago, IL, USA). Differences were 

considered significant at P:S0.05. For cluster analysis, the distance matrices, means and standard 

deviations were calculated using the STATISTICA software and the result was used to construct 

a phylogenetic relationship among isolates by the neighbour-joining method of Saitou and Nei 

(1987) . 
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2.3 Results and Discussion 

2.3.1 Total bacterial count of samples 

On the average, total bacterial counts of butchery samples (2.2 x 105 cfu/g) was higher than that 

of supermarket samples (1.4 x 104 cfu/g). Similarly, raw chicken parts were more contaminated 

(7.6 x 105 cfu/g) than whole chicken carcasses (2.5 x 105 cfu/g) . Ready-to-eat products were the 

least contaminated (1.8 x 103 cfu/g). However, the level of microbial c~ntamination of all 

analyzed products was within the recommended range for some developed countries such as the 

United Kingdom (104
- 105 cfu/g) and Australia (106 cfulg) (Dahal, 2007). 

2.3.1 Incidence of NTS in broiler products 

Out of eleven locations sampled, Salmonella was recovered from products obtained from six 

(54.5%) of the locations (Table 2.5). Difference in Salmonella isolation rates between positive 

locations was significant (P = 0.009) with Mafikeng having the highest rate. However, 

Salmonella spp was not recovered from R TE products whereas the average recovery rate in raw 

broiler products was 12.5%. This rate is lower than 19.5% reported by van Nierop eta!. (2005) 

in Gauteng Province of South Africa, 20% in the US (White et a!., 2001 ), 30% in Canada 

(Bohaychuk eta!. , 2006), 39.7% in Mexico (Zaidi et al., 2006) and 60% in Portugal (Antunes et 

a!., 2003). Other countries such as Zambia, Saudi Arabia, Turkey and Sudan, however, recorded 

lower incidences of NTS (4.7%, 5.92%, 8% and 9.2% respectively) in broiler products than 

noted in the current study (Hang 'ombe eta!., 1999; Moussa et al., 2010; Dogru et al., 2010; El 

Hussein et a!. , 201 0). Incidence of Salmonella contamination was higher in whole chicken 

carcasses than chicken parts in most of the towns except Mmabatho and Mafikeng (Figs. 2.3 and 

2.5). The former observation is contrary to the reports of Chaiba et al. (2008) and Moussa et a!. 

(20 1 0) who noted higher incidences of NTS in chicken cuts in Morroco and Sudan respectively. 

It may be worthy to note that the presence and distribution of NTS serovars vary from region to 

region, the sampling plan and detection limits of the methodology employed (Uyttendaele et a!., 

1998; Dominguez eta!., 2002). 
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Butchery products were more contaminated with NTS than supermarket products particularly in 

Mafikeng (Figs. 2.3 and 2.4). This result. is in agreement with the findings of Chaiba et al. 

(2008), and could be due to better hygienic standards maintained in supermarkets than 

butcheries. Frozen products had higher NTS recovery rate (1 0.4%) than fresh products (8.8% ). 

This may suggest initial high contamination of the frozen products with NTS, in which case, the 

freezing temperature range was not sufficient to inactivate the pathogens. It has been 

documented that freezing may not be regarded as a means of destroying food borne 

microorganisms. This is because low freezing temperature of about 

- 20°C are less harmful to the pathogens than the median temperature ranges (Jay et al. , 2005). 

Table 2.5: Number of Salmonella positive samples obtained from different locations 

Sampling area No. of samples No. positive % positive samples 

obtained samples 

Suncity 6 0 0 

Koster 8 1 12.5 

Delareyville 16 0 D 

Vryburg 12 0 0 
I 

Mmabatho 12 2 16.7 

Mafikeng 33 6 18.2 

Zeerust 19 0 0 

Rustenburg 18 2 11.1 

Lichtenburg 16 2 12.5 

Klerksdorp 15 0 0 

Potchefstroom 25 2 8 

2.3.2 Molecular characterization of NTS isolates obtained from broiler products 

A total of 160 presumptive Salmonella isolates obtained from analyzed broiler products were 

screened for the presence of invasion and virulence genes. All the isolates showed positive 

amplification of the 16S rRNA fragment (Fig. 2.6). Out of the 160 screened isolates, invA gene 
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was detected in 140 (87.5%) of the isolates (Fig. 2.7). The invA gene, located on the Salmonella 

pathogenicity island 1 (SPI 1 ), is highly conserved in Salmonella species and encodes a type III 

secretion system (TTSS) that exports proteins in response to bacterial contact with epithelial 

cells (Galan et al., 1992; Rahn et al., 1992). The invA gene operon is essential for full virulence 

in Salmonella (Torpdahl et al. , 2005). Torpdahl et al. (2005) and Khan et al. (2007) similarly 

detected invA gene in all Salmonella isolates recovered from poultry products and orange juice 

respectively. 

Analysis of the sequenced isolates in the current study revealed three NTS serotypes viz: S. 

typhimurium (46.4%; n = 65), S. enteritidis (30 .7%; n = 43) and S. newport (22.9%; n = 32). The 

rate of isolation of the different NTS serotypes is in agreement with the reports from previous 

researches (Chaiba et al., 2008; Moussa et al., 201 0) . All the identified serotypes were isolated 

from both supermarket and butchery samples (Fig. 2.8), and also from whole carcasses and 

chicken parts at different rates (Fig. 2.9). Furthermore, some of the products were found to be 

contaminated with multiple NTS serotypes. However, S. enteritidis was the only serotype 

isolated from free range products. This observation agrees with the work of Esteban et al. (2008) 

who reported S., enteritidis as the only Salmonella serotype isolated from free range chickens. 

This may be due to the potential for increased bacterial contamination in the free range poultry as 

a result of easy access to transmitting vectors such as rodents, wild animals, etc (Foley et al., 

2011). 
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Figure 2.3: Percentage incidence of NTS in samples based on shop and product type . BWB = butchery whole 

broi lers ; BCP = butchery chicken parts; BRTE = butchery ready-to-eat; SWB = supermarket whole broilers; SCP = 

supermarket chicken parts; SRTE = supermarket ready-to-eat. 
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Figure 2.6: Agarose gel (I%) electrophores is showing 16S rRNA gene fragments amplified from 

Salmonella spp. Lane I = No template (contro l); lane 2 = S. typhimurium ATCC 14028 ; lanes 3 - 10 = 

positi ve amp lification of 16S rRNA gene fragments of Salmonella spp isolated from samp les; lane M = 

DNA marker (Lambda). 
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Figure 2.7: Agarose gel (I %) electrophoresis showing amplification of 321 bp fragments of invA genes of 

Salmonella. Lane I = S. typhimurium A TCC 14028; lane 2 = negative control ; lanes 3 to 8 showing 

positive amplification of 321 bp fragments of Salmonella spp; lane M = DNA marker (Lambda). 

Out of the 140 isolates confirmed for the presence of invA gene, 11~(82.4%) isolates were found 

to harbour the spvC plasmid gene (Fig. 2.1 0) ._ This represents 71.9% of all the screened isolates. 

The prevalence of the spvC gene fragment was higher in isolates from butchery samples (71.4%) 

than supermarket samples (25 .9%) and isolates from chicken parts (57.1 %) than whole broiler 

carcasses ( 42.9% ). The detection rate of the spvC gene in the current study agrees with the 

findings of Bolton et al. (1999) and Khan et al. (2000) who detected the gene fragment in 97% 

and 88% of Salmonella typhimurium DT104 strains respectively. In contrary however, Khan et 

al. (2007) did not detect spvC gene in any of the Salmonella serotypes subjected to multiplex 

PCR. It is worthy to note that the recovery rate of S. typhimurium in this study is higher than that 

of other serotypes (S. enteritidis and S. newport) , as opposed to the report of Khan et al. (2007) 

who did not recoverS. typhimurium isolates in the juice samples analysed. Thus the disparity in 

the detection of spvC gene fragment could possibly be due to prevalence of the gene in S. 

typhimurium serotype. The spvC gene in Salmonella spp. interacts with the host immune system 

and is responsible for an increased growth rate in host cells (Khan et al. , 2007). 
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Figure 2.8: Percentage incidence of different NTS serotypes by shop type. Bars with different labels are 

significantly different (P<0.05). 
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Figure 2.9: Percentage incidence ofNTS serotypes by product type. WBC = whole broiler carcasses; CP = 

chicken parts ; RTE = ready-to-eat. Bars with different labe ls are significantly differe nt (P<0.05) . 
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Figure 2.10: Agarose gel (1 %) electrophoresis showing amplification of 392 bp fragments of spvC genes 

of Salmonella. Lane 1 = S. typhimurium ATCC 14028; lane 2 = negative control; lanes 3 to 8 showing 

positive amplification of 392 bp fragments of Salmonella spp; lane M = DNA marker (Lambda). 

2.3.3 Analysis of RAPD-PCR 

The profiles generated by the RAPD-PCR were composed of 1 - 5 bands ranging between 0.25 

and 1.4 kb. Both RAPD 1 and RAPD 3 primers each generated four banding profiles for S. 

typhimurium, three for S. newport and two profiles for S. enteritidis (Figs. 2.11 and 2.12). One 

strain of S. newport (SN1), isolated from chicken parts obtained from the butchery, showed no 

bands with both RAPD 1 and RAPD 3 primers. Similarly, a strain of S. typhimurium (ST2) 

isolated from supermarket whole broiler carcasses, showed three bands with RAPD 1 but no 

bands with RAPD 3 primer. However, both strains produced one band of about 0.45 kb as did 

most of the isolates with RAPD 2 primer although the primer had very poor discriminatory 

power and was therefore not included in the analysis. Furthermore, cluster analysis of the RAPD 

1 profiles revealed three different RAPD types for S. newport and S. enteritidis whereas S. 

typhimurium was classified into four types (Fig. 2.13). RAPD 3 primer on the other hand, 
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grouped S. typhimurium into four, S. newport into three and S. enteritidis into two RAPD types 

(Fig. 2.14 ). Although a few isolates of the same serotype showed either similar or same banding 

patterns, some level of heterogeneity was generally noticed in the isolates, irrespective of the 

sources (i.e. geographical location, shop or product type). Interestingly, a particular strain of S. 

typhimurium, isolated from Mafikeng product, was closely clustered with the positive control 

strain by both RAPD 1 and RAPD 3 primers. In spite of the heterogeneity manifested by the 

isolates, it may still be safely concluded that most of the isolates have the same clonal origin. 

However, the genetic diversity noticed among isolates of even the same serotype may indicate 

varying sources of product contamination (e.g. live birds, water, environment or product 

handler). Furthermore, changes in bacterial genome may occur in the same serovar through 

plasmid acquisition or other genetic mutations without manifesting phenotype alterations 

(Baggesen and Christensen, 1997). RAPD fingerprinting has been suggested to be the most 

convenient and sensitive technique, capable of revealing inter- and intraserotype-specific 

differences among Salmonella isolates (Tikoo eta!. , 2001) . 

3000 - -or 

2000 

1000 

5 00 

...;. 5 0 

M 1 2 3 4 5 6 7 8 9 1 0 1112 13 

Figure 2.11: Agarose gel ( 1.2%) electrophoresis showing DNA fingerprinting ofNTS serotypes generated 

using RAPD I primer. Lane M = DNA marker (I kb) ; lane I = SEI; lane 2 = SE2; lane 3 = SE3 ; lane 4 = 

SE4; lane 5 = ST I; lane 6 = ST2; lane 7 = ST3 ; lane 8 = ST4; lane 9 = SN I; lane I 0= SN2; lane II = SN3 ; 

lane 12 = SN4; lane 13 = S. typhimurium A TCC 14208 (C) . 
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Figure 2.12: Agarose gel (1.2%) electrophoresis showing DNA fingerprinting of NTS serotypes 

generated using RAPD 3 primer. Lane M = DNA marker ( I kb); lane I = SE I; lane 2 = SE2; lane 3 = SE3 ; 

lane 4 = SE4; lane 5 = ST I; lane 6 = ST2; lane 7 = ST3; lane 8 = ST4; lane 9 = SN I; lane I 0= SN2; lane II 

= SN3 ; lane 12 = ST4; lane 13 = S. typhimurium ATCC 14208 (C) 
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T.l 
Figure 2.1 3: Dendrogram generated based on the RAPD analysis ofNTS serotypes using RAPD I primer. SE = 

S. enteritidis; ST = S. typhimurium; SN = S. newport; C = control (S. tyhimurium ATCC 14208). All serovars 

within a serotype showing the same band type are grouped as a sub-serotype (e.g. STI) 
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Figure 2.14: Dendrogram generated based on RAPD analysis ofNTS serotypes using RAPD 3 primer 

SE = S. enteritidis; ST = S. typhimurium; SN = S. newport; Con = control (S. tyhimurium ATCC 14208). All 

serovars within a serotype showing the same band type are grouped as asub-serotype (e.g. STI) 

In conclusion, it can be firmly stated that raw broiler products obtained from the NWP of South 

Africa were found to be contaminated with three major serotypes of non-typhoidal Salmonella, 

with an average incidence rate of 12.5%. This implies that consumers must exercise caution in 

handling and processing of raw broiler products. Storage of the products by freezing at -20°C 

must not be considered as a means of eliminating Salmonella organisms from contaminated 

products. The products must therefore be subjected to adequate processing prior to consumption 

to avoid infection. 
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CHAPTER3 

ANTIBIOTIC RESISTANCE OF NON-TPHOIDAL SALMONELLA STRAINS 

ISOLATED FROM BROILER PRODUCTS OBTAINED FROM THE NORTH WEST 

PROVINCE OF SOUTH AFRICA. 

3.1 Introduction 

In recent years, occurrence of antimicrobial resistance among S. enterica serovars has been 

reported in many countries (Lee et al. , 2009; Fashae et al., 2010; Wmmaprasat et al., 20 11 ). 

Antimicrobial resistance is a major global health problem in both human and veterinary 

medicine, with serious socioeconomic consequences. The problem is however more pressing in 

developing countries where disease burden is high and use of newer antimicrobials is constrained 

by cost (Okeke et al., 2005). ~-lactam antibiotics such as ampicillin, tetracycline, 

chloramphenicol and trimethoprim-sulphamethoxasole are readily available antimicrobial agents 

for the treatment of invasive salmonellosis. Resistance to these drugs has however, been 

reported with increasing frequency in many countries (Ruiz et al., 1999; Kariuki et al. , 2005). 

For instance, resistance of Salmonella isolates, from foods of animal origin, to ampicillin, 

tetracycline, sulphonamides and chloramphenicol was high in Malaysia (22 - 49% ), Thailand ( 41 

- 92%) and Vietnam (17 - 68%) (Benacer et al. , 2010; Vo et al., 2010; Wmmaprasat et al., 

2011). Zewdu and Cornelius (2009) similarly reported high a11timicrobial resistance (62.1 %) in 

Salmonella isolates from chicken carcasses in Ethiopia. 

Concurrently, resistance of human NTS isolates to the commonly used antibiotics (ampicillin, 

tetracycline, etc) is high in developing countries, suggesting the extensive use or abuse of the 

antimicrobials in veterinary practice and human therapy. Sequel to this development, the 

fluoroquinolones became drugs of first choice in the treatment of invasive and systemic 

salmonellosis in both humans and animals (Yates and An1yes, 2005; Giraud et al. , 2006). 

However, Salmonella strains with decreased susceptibility to fluorinated quinolones have been 

reported in many countries and are now considered widespread. Fashae et al. (20 1 0) reported a 

high frequency (up to 87%) of reduced susceptibility to ciprofloxacin in NTS isolates from 
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chickens in Nigeria. Similarly, Ellerbroek et al. (20 1 0) observed that more than half of NTS spp. 

isolated from pigs were resistant to ciprofloxacin. Reduced susceptibility of clinical Salmonella 

isolates to ciprofloxacin has also been reported in Philippines (15%) and Singapore (25%). 

Whereas the production of ~-lactamase is the primary cause of resistance to ~-lactam antibiotics 

in Enterobacteriaceae, resistance to quinolones is believed to result from chromosomal 

mutations in genes that encode target enzymes or affect drug accumulation (Arlet et al., 2006; 

Strahilevitz et al., 2009). TEM and SHV penicillinases seem to be the tpost widely spread 

extended-spectrum beta lactamases (ESBLs), and nosocomial strains of Klebsiella pneumonieae 

and Escherichia coli are believed to be main reservoirs of ESBL genes (Miriagou eta!., 2004). 

However, hospital NTS isolates producing TEM, SHV, CMY and CTX-type ESBLs have been 

reported in South Africa (Kruger et al., 2004; Keddy et a!., 2009; Usha et a!. , 2008) . Similarly, 

the first plasmid-mediated quinolone resistance in Salmonella from South Africa was observed in 

S. typhimurium isolated from the blood of an HIV -seropositive patient (Govender et a!. , 2009). 

Antimicrobial resistance of NTS isolates from contaminated poultry products in the NWP of 

South Africa has not been elucidated. This study therefore aims at investigating the resistance of 

NTS species isolated from broiler products in the Province to some common antimicrobials, and 

to screen the isolates for the presence of antibiotic resistance genes. 

3.2 Materials and Methods 

3.2.1 Bacterial isolation and identification 

Sampling, isolation and identification was done as described in Chapter 2. 

3.2.2 Antimicrobial susceptibility testing of isolates 

A total of sixty NTS isolates (S. typhimurium = 20; S. enteritidis = 20; S. newport = 20) 

identified by phenotypic and genotypic methods were subjected to antibiotic susceptibility 

testing using the Kirby-Bauer disc-diffusion method as previously described (Ndip eta!., 2005). 

This method conforms to the recommended standard of the Clinical and Laboratory Standards 

Institute (CLSI). E. coli ATCC 25922 was used as a control strain for the susceptibility testing. 
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Briefly, a small inoculum of each pure Salmonella isolate, taken from a fresh culture on nutrient 

agar, was emulsified in 3 ml of sterile normal saline in Bijou bottles. The density ofthe emulsion 

was c'ompared with a barium chloride standard (0.5 McFarland) to ensure appropriate turbidity. 

A sterile cotton swab was then dipped into the standardized suspension of bacterial cultures and 

used to evenly inoculate Mueller-Hinton agar plates (Mercks, South Africa). The plates were 

allowed to dry. Antibiotic discs (Davies diagnostics, SA) with the following drug contents : 

ampicillin (10 llg), chloramphenicol (30 11g), ciprofloxacin (5 11g), amikacin (30 11g), 

trimethoprim-sulphamethoxasole (25 11g), tetracycline (30 llg) cefotaxime (30 11g), meropenem 

(1 0 11g), gentamicin (1 0 11g) and erythromycin (15 11g) were placed at least 15 mm apart and 

from the edge of the plates to prevent overlapping of the inhibition zones. Plates were incubated 

at 3 7°C for 18 - 24 hours . The diameters of zones of inhibition were compared with recorded 

diameters of the control organism to determine the susceptibility or resistance of isolates to the 

various drugs . Results were recorded as susceptible, intermediate or resistant depending on the 

recommended diameter sizes for each antibiotic (CLSI). Multiple antibiotic resistance (MAR) 

phenotypes were generated for all isolates that showed resistance to two or more antibiotics. 

Index for antibiotic resistance phenotypes was calculated using the -following equation (Singh et 

al., 2010): 

MAR
. d Number of resistance x antibiotics 
m ex = -----------

Total number of antibiotics tested 

Based on antibiotic resistance patterns of the isolates, a dendrogram was constructed to show the 

relationship among the NTS isolates using the root-mean-square deviation (rmsd) coefficient, 

Unweighted Pair Group Method with arithmetic mean (UPGMA) (Saitou and Nei, 1987). 

3.2.3 Molecular characterization of resistant isolates 

Overnight cultures of the isolates that showed resistance to ampicillin, tetracycline and 

chloramphenicol were prepared in 10 ml of nutrient broth, from which the plasmid DNA of the 

isolates were extracted. The extracted DNA was subjected to PCR amplification, targeting 

blaTEM, tet and cat genes (Ttirkyilmaz et al., 2009). The details of oligonucleotide sequences 

used and the PCR cycling conditions are shown in Table 3.1. DNA extraction and PCR was done 

as described in Chapter 2. Amplicons which showed clear bands for blaTEM, tet and cat genes 
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were purified and sequenced (Inqaba Biotech, SA) for gene identification. The search for amino 

acid homology of the sequence results was done as described before. 

Table 3.1: Oligonucleotide sequences and PCR conditions used for amplification 

Primer Sequence (5'- 3') Target Amplicon PCR conditions 

gene size (bp) 

TEM1 F ATGAGTATTCAACATTTCCGTG blaTEM 

TEM2 R TTACCAATGCTTAATCAGTGAG 

TET F GCACTTGTCTCCTGTTTACTCCCC tet 

TET R CCTTGTGGTT A TGTTTTGGTTCCG 

CATF 

CATR 

TCCCAATGGCATCGTAAAGAAC 

TCGTGGTATTCACTCGAGAGCG 

Cyc = cycle; ext = extension 

3.3 Results and Discussion 

3.3.1 Antimicrobial susceptibility profiles 

cat 

793 

659 

310 

95°C, 3 mins; 30 eye. of 
95°C, 1 min, 55°C, lmin, 
72°C, 1 min, ext. at 
72°C, 5 mins 

94°C, 2 mins; 35 eye. of 
94°C, 20 S, 53°C, 10 S, 

65°C, 45 s, ext. at 65°C, 4 
mms 

.95°C, 5 mms; 35 eye. of 
94°C, 30 S, 55°C, 30 S, 

72°C, 30 s, ext. at 72°C, 10 
mms 

All the strains tested were resistant to two or more antibiotics, however, multi-drug resistance 

was discovered only in nine S. typhimurium isolates, representing 15% of all the tested isolates. 

The S. typhimurium isolates were resistant to ampicillin, tetracycline, chloramphenicol, 

ciprofloxacin, trimethoprim-sulphamethoxasole and erythromycin. Dogru et al. (2010) and 

Maripandi and Al-Salamah (2010) also reported resistance to multiple antimicrobials m 

Salmonella isolated from chicken carcasses. However, all isolates were susceptible to 

cefotaxime, meropenem, gentamycin and amikacin whereas all were resistant to tetracycline. 

High resistance of isolates to ampicillin and tetracycline observed in the current study IS m 
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agreement with previous research findings (Antunes eta!., 2003; Cheong eta!., 2007; Fashae et 

a!., 201 0). A low frequency of resistance was found towards trimethoprim-sulphamethoxasole 

(8.3%), ciprofloxacin (13 .3%) and chloramphenicol (20%). Salmonella typhimurium showed the 

highest resistance to both chloramphenicol and ampicillin (35% and 100% respectively) and this 

is in agreement with the report of Soler et al. (2006). Figure 3.1 and Table 3.2 indicate the 

frequency of resistance to individual drugs and distribution of antimicrobial resistance in isolates 

respectively. Tetracycline and the ~ -lactams such as ampicillin are among the antibiotics used 

frequently in poultry production (Moussa et a!., 2007). Thus, uncontrolled use of these 

antimicrobials in the live birds may have contributed to the observed resistance patterns. 

Reduced susceptibility of NTS isolates to ciprofloxacin noted in this study is in accordance with 

the observation of Fashae eta!. (2010) in NTS isolates from Nigeria. In contrary, Salam et al. 

(2003) and Zaidi et al. (2006) repmied 100% susceptibility of NTS isolates to ciprofloxacin in 

Bangladesh and Mexico respectively. Thus, the source of isolates with respect to geographical 

location and the use of different antibiotics in different places may possibly be responsible for 

the disparity in observations noticed in this case. However, resistance to ciprofloxacin (a 

fluoroquinolone) noticed in the current study was found mainly inS. typhimurium which seems 

to be the prevalent serotype in the study area. This may be a cause for public health concern, 

particularly in the treatment of invasive salmonellosis. 

MAR analysis revealed seven resistance phenotypes, with resistance to ampicillin, tetracycline 

and erythromycin being the most common pattern (Table 3.3). The highest frequency of this 

resistance pattern was found in S. typhimurium. In addition, four other resistance patterns were 

shown by S. typhimurium, including resistance to ciprofloxacin, ampicillin, chloramphenicol and 

tetracycline. This observation agrees with the report of Soler et al. (2006) who noted resistance 

to ampicillin, chloramphenicol, sulphonamide and tetracycline as the most frequent resistant 

patterns of S. typhimurium, particularly the DT104 strain. S. newport showed three resistance 

patterns including resistance to ampicillin, trimethoprim-sulphamethoxasole and tetracycline, 

whereas S. enteritidis showed only two resistance phenotypes. 
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3.3.2 Cluster analysis 

Cluster analysis of all isolates based on antimicrobial resistance patterns revealed SIX maJor 

clusters (Fig. 3.2). However, S. typhimurium strains belonged to four distinct clusters whereas S. 

enteritidis and S. newport strains were grouped into three and two clusters respectively. Most of 

the NTS isolates tested showed MAR, irrespective of their sources. Therefore, the clonal 

diversity observed among the strains in the current study is an indication of possible circulation 

of antimicrobial resistance genes in Salmonella strains within the environment. This may 

significantly add to the health care burden. 
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Figure 3.1: Frequency of resistance to individual antimicrobial agent. CIP = ciprotloxacin; CTX = cefotaxime; 

MEM = meropenem ; GM = gentamycin; AK = am ikacin; AP = ampici llin ; C = ch loramphenicol; OT = tetracycline; 

TS = trimethoprim-sulphamethoxasole; E = erythromycin 

3.3.3 Antimicrobial resistance genes 

Occurrence of resistance genes among antimicrobial-resistant isolates is shown in Table 3.4. Out 

of the 48 ampicillin-resistant isolates that were screened, 15 (31.3%) carried the blaTEM gene 

which is an ESBL gene (Fig. 3.3). This observation concurs with the report of Hamidian et al. 

(2009) who investigated the presence of ESBLs in Salmonella species obtained from patients in 

Tehran hospitals. Turkyilmaz et al. (2009) similarly noted that three out of five ampicillin-
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resistant Salmonella species tested carried the b1aTEMgene. The presence ofTEM-63, TEM-116 

and TEM-131 in NTS isolates have also been reported in Durban, South Africa (Usha et al., 

2008). The TEM type ~-lactamase thus appear to be the most common gene that mediates 

resistance to ampicillin in Salmonella (Turkyilmaz et al., 2009). Similarly, 12 (20%) out of 60 

tetracycline-resistant isolates were found to harbour the tetE gene (Fig. 3.4), which is in 

agreement with the observations of Roberts (2005) and Turkyilmaz et al. (2009). In addition, 

cat3 (chloramphenicol resistance) gene was found in 5 (42%) out of twelve chloramphenicol­

resistant NTS isolates whereas one isolate (8%) haboured both catl and cat3 genes (Fig. 3.5). 

Table 3.2: Percentage distribution of antimicrobial resistance among NTS iso lates 

Antimicrobial S. enteritidis S. typhimurium S. newport 
agent (n = 20) (n = 20) (n = 202 

CIP (5) 25 15 0 
CTX (30) 0 0 0 
MEM (10) 0 0 0 
GM (10) 0 0 0 
AK (30) 0 0 0 
AP (10) 75 100 65 
TS (25) 0 15 10 
c (30) 25 35 0 

OT (30) 100 100 100 
E (15) 100 85 100 

CIP = ciprofloxacin; CTX = cefotaxime; MEM = meropenem; GM = gentamycin; AK = amikacin; AP = ampicillin ; 

C = chloramphenicol; OT = tetracycline; TS = trimethoprim-sulphamethoxasole; E = erythromycin 

Table 3.3: MAR patterns of obtained isolates 

MAR phenotypes S. typhimurium S. enteritidis S. newport Total no. MAR 
observed index 

Ap-Ot-E 15 5 12 32 9.6 
Cip-Ap-Ot-E 3 0 0 '"' 1.2 .) 

Cip-Ap-C-Ot-E 3 0 0 3 1.5 
Ot-E 0 3 10 13 0.8 
Ts-Ot-E 0 0 3 3 0.9 
Ap-Ts-C-Ot-E 3 0 0 3 1.5 
Ap-C-Ot 3 0 0 '"' 0.9 .) 

C-Ot-E 0 3 0 3 0.9 
Cip = ciprofloxacin; Ap = ampicillin; c = chloramphenicol; Ot tetracycline; Ts = trimethoprim-

sulphamethoxasole; E = erythromycin 
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Figure 3.2: Dendrogram showing the re lationship between NTS isolates obtained from raw broiler samples based 

on antibiotic resistance patterns. SE = Salmonella enteritidis; ST = Salmonella typhimurium; SN = Salmonella 

newport; C = control. 

59 



Table 3.4: Occurrence of resi stance genes among antimicrob ial-resistant NTS isolates 

Antimicrobial agent 

Ampicillin 

Tetracycline 

Chloramphenicol 

1260 bp 

iOO bp 

No. of resistant 

isolates 

48 

60 

12 

Genes tested No. of positive 

isolates (%) 

blaTEM 15(31.3) 

tetB 12(20) 

cat 6(50) 

793 bp 

Figure 3.3: Agarose gel (I %) electrophoresis showing amplification of793 bp fragments ofblaTEM genes 

in ampici ll in -resistant NTS iso lates. Lane I = No template; lanes 2 to 7 and 9 = positive amplification of 

blaTEM gene; lanes 8 and I 0 = negative; lane M = DNA marker (Lambda) 
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Figure 3.4: Agarose gel (I%) electrophoresis showing amplification of 659 bp fragments of tetB genes in 

tetracycline-resistant NTS isolates. Lane I = No template; lanes 3 and 9 = positive amplification of tetB 

fragment; lanes 2, 4, 5, 6, 7, 8, I 0 amd II = negative; lane M = DNA marker (I 00 bp) 

'I 3 4 
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500 bp 

5 6 i 8 9 1.0 11 

.....::-,..,_;,_....,...,..,.,,.,.,..::.---==---- 4 91 bp· 
~·-·~,:....---=----'- 310 bp 

Figure 3.5: Agarose ge l (I%) electrophoresis showing amplification of 310 bp and 491 bp fragments of 

cat] and cat/ genes in chloramphenicol-resistant NTS isolates. Lane M = DNA marker (100 bp); lanes 2, 

4, 6, 8 and 9 = positive amplification of cat] fragment; lane 7 = positive amplification of cat / and cat] 

fragments 
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Chuanchuen and Padungtod (2009) similarly reported the expression of blaTEM, tet and cmlA 

genes in antibiotic-resistant NTS isolates that were obtained from live poultry. The isolates were 

found to be resistant to ampicillin, tetracycline and chloramphenicol. 

In conclusion, the observations of this study indicate that NTS strains isolated from broiler 

products in the NWP of South Africa are resistant to multiple antibiotics, including quinolones. 

This may constitute significant public health problems and therefore calls for proper monitoring 

to reduce the risk of human exposure to the pathogens. This is because the Salmonella organisms 

that habour antibiotic-resistance genes can easily transfer the genes to other pathogens of either 

the same or different genera or species thereby complicating treatments of human bacterial 

infections. 
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CHAPTER4 

STRESS RESPONSE OF NON-TYPHOIDAL SALMONELLA STRAINS ISOLATED 

FROM BROILER PRODUCTS IN THE NORTH WEST PROVINCE OF SOUTH 

AFRICA 

4.1 Introduction 

Non-typhoidal Salmonella species are frequently incriminated in food-borne illnesses involving 

consumption of contaminated livestock products, particularly poultry (Cox et al. , 2000). Many 

serotypes have been reported to be responsible for gastroenteritis and may cause invasive disease 

predominantly in HIV-positive patients (Kumar and Kumar, 2003; Keddy et al., 2009). An 

annual estimate of 1.4 mill ion cases of human NTS infections resulting in 582 deaths have been 

reported in the U.S . (McDermott, 2006). Despite the fact that clinical NTS cases are usually 

under-reported in the sub-Saharan Africa, about 2,244 cases were recorded by GERM-SA, South 

Africa in the year 2010 (CDS, 2011). For many years, exposure to heat and treatment with 

organic acids have been uti lized as preservative/decontamination methods for poultry products in 

order to prevent outbreaks of salmonellosis due to consumption of such products (Mani-Lopez et 

al., 2011). However, various serotypes of Salmonella have been shown to demonstrate increased 

resistance to heat after previous exposure to sub-lethally high temperatures (Humphrey et al., 

1993). Similarly, induction of acid tolerance response (A TR) in Salmonella following exposure 

to sub-lethal acidic conditions increases the ability of the organism to survive in high acidic 

foods as well as in the acidic conditions of the gastrointestinal tract (Yuk and Schneider, 2006). 

These recent attributes, which have a direct influence not only on the survival but also on the 

virulence of the organism, represent a great concern to food safety. The present study therefore, 

was aimed at evaluating the resistance of non-typhoidal Salmonella spp. isolated from broiler 

products obtained from the North West Province (NWP) of South Africa, to thermal, acidic and 

osmotic stress. 
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4.2. Materials and Methods 

4.2.1 Bacterial culture and isolation 

Refer to chapter 2 for details of culture and isolation protocols of the NTS isolates used in this 

study. 

4.2.2 Identification of suspect isolates by PCR 

Protocols for DNA extraction by alkaline lysis and the confirmation of both the quantity and 

purity of the extracted DNA were carried out using the procedure of Sambrook et al. (1989). 

Confirmatory identification of Salmonella isolates was by the amplification of Salmonella­

specific invA gene fragment. Refer to chapter 2 for details of oligonucleotides used and the PCR 

procedure. 

4.2.3 Determination of in-vitro generation time for Salmonella isolates 

A cocktail of non-typhoidal Salmonella was prepared from field isolates identified as S. 

typhimurum, S. enteritidis and S. newport using the procedure of Payne et al. (2007) with 

modifications. Briefly, a single colony of each isolate, preserved on nutrient agar, was inoculated 

in 10 ml of nutrient broth (NB) and incubated for 24 hours at 37°C. Thereafter, 0.1 ml aliquots of 

each culture were transferred to fresh 10 ml NB and incubated overnight at 3 7°C in a shaking 

incubator. The cultures were standardized to an OD60o of 0.3 after which 0.33 ml from each 

culture was used to inoculate 100 ml of fresh NB to a final concentration of approximately 105 

cells I ml in 250 ml Erlenmeyer flasks . The culture was incubated at 37°C for 96 hours with 

agitation at 177 rpm. At 2 hour intervals during the incubation, 1 ml aliquots of the suspensions 

were removed and the numbers of viable cells enumerated from 10-fold serial dilutions prepared 

from 2% buffered peptone water. Plating was done in duplicates on XLD agar and plates were 

incubated at 37°C for 24 hours . Colonies were then counted and expressed as log10 cfu/ml. 

Salmonella typhimurium ATCC 14208 was used as a control strain. Generation time was 

calculated from the log phase of growth using the following equation (Todar, 2005) : 
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G = Yn , where G = generation time; t = time interval (hours); n (number of generations) = 3.3 log b/B; B = number 

of cells at beginning oftime interval; b = number of cells at end of time interval. 

4.2.4 Heat stress assay 

Heat stress assay was performed according to the procedure of Humphrey et al. (1993) with 

modifications. Briefly, an isolated colony of Salmonella was inoculated in_ 10 ml of NB and 

incubated overnight at 37°C with shaking. Then 0.1 ml aliquots of the culture were transferred to 

10 ml of fresh NB, incubated for 3 hours at 37°C (log phase culture) and then shifted to 50, 55 

and 60°C in a water bath. Samples were taken at time 0, 10, 20 and 30 mins to enumerate the 

number of viable cells on XLD agar. Plates inoculated from serial dilutions of the cultures were 

incubated at 3 7°C for 24 hours. Colonies were counted and expressed as log 10 cfu/ml. 

Experiments were performed in duplicates and growth of isolates at 3 7°C served as a control. 

4.2.5 Acid stress assay 

Evaluation of resistance to acid stress was studied by the method of Leyer and Johnson (1993). 

Aliquots from overnight cultures were inoculated in 10 ml of fresh NB and incubated for 3 hrs 

(approx. OD600 = 0.2) at 37°C. Cultures were acidified to pH 2.0, 3.0 and 4.0 without previous 

adaptation using 6% rosemary vinegar and re-incubated at 37°C for a maximum period of 60 

min. Samples were assessed for viable cell counts at time 0, 30 and 60 mins by plating on XLD 

agar as described for heat stress assay. Experiments for each acid level were performed in 

duplicates and growth of isolates at pH 7.0 was used as control. 

4.2.6 Assay of salt stress 

Log phase cultures were prepared as described above after which aliquots from the samples 

were inoculated in sterile NB that had been adjusted with either 1M or 2M NaCl following the 

method ofNgwai et al. (2007). Inoculated broths were incubated at 37°C for 60 mins. Viable cell 

counts were enumerated from samples at times 0, 30 and 60 mins as described for heat and stress 

assays . 
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4.2. 7 Statistical analysis 

All resulting Salmonella populations were converted to log10 numbers of CFU/ml before 

statistical analysis. Analysis of survival data for the stress treatments was carried out by one-way 

ANOV A using the GLM procedure of SAS (SAS, 2001 ). Results were considered significant if P 

:S 0.05 . 

4.3 Results and Discussion 

4.3.1ln-vitro generation time for Salmonella typhimurium ATCC 14208 and Salmonella field 

isolates 

Evaluation of the growth of field Salmonella isolates showed an average generation time of 38 

mins whereas the obtained generation time for the control strain was 50 mins (Fig. 4.1 ). Both 

isolates, however, fanned micro-colonies when stationary growth phase was extended beyond 36 

hours . The shorter generation time observed for the field isolates in this study is in agreement 

with the findings of Smith (1985) when the growth of Salmonella typhimurium was evaluated on 

sheep carcasses at a temperature of 35°C. This is also an indication of the potential for the 

organisms to rapidly multiply under favourable conditions. 

10 20 30 40 50 60 70 80 90 100 
Ho u rs 

--- Salmonella typhbnurium ......._ Sabnonella F ie l d isolate 

Figure 4.1: Growth of Salmonella typhimurium (ATCC 14208) and Salmonella field isolate over a period of 96 

hours. 
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4.3.2 Response of Salmonella field isolates to heat stress 

When isolates were subjected to heat stress at 50°C for 10 min, a significant decline of25 .3% in 

viable cell count was noticed, followed by an increase of 9.2% (P = 0.6) and 30.5% (P = 0.03) at 

20 and 30 min respectively. However, exposure of isolates to a temperature of 55 or 60°C for 20 

and 10 min respectively reduced colony counts to zero (Fig. 4.2). This response of Salmonella 

isolates to heat stress is in agreement with the observations of Humphrey et al. (1990) who 

reported D-value ranges of 2.3 - 6.4 min at 55°C and 0.2- 0.4 min at 60°C for S. enteritidis and 

S. typhimurium in homogenized whole egg. Ngwai et al. (2007) similarly noted a significant 

reduction in the survival of both strains when isolates were exposed to a temperature of 52°C. An 

initial decrease followed by increase in viable cell count at 50°C heat exposure may be an 

indication that 50°C is sub-lethal to the isolates thereby enabling their adaptation to the 

temperature. This observation can be related to previous research findings in which S. seftenberg 

isolates were heat-shocked at 50°C for 30 min. The heat-shocked isolates were found to survive 

better at 53 and 55°C than the non-adapted isolates (Kumar and Kumar, 2003). The implication 

of the finding in this study, is that target cooking temperatures must be rapidly achieved to avoid 

pre-adaptation ofNTS organisms in contaminated products . 
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Figure 4.2: Survival curve for Salmonella isolates exposed to heat stress without prior adaptation 
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4.3.3 Response of Salmonella field isolates to acid stress 

Exposure of isolates to acid stress at pH 4.0 and pH 3.0 for 60 min resulted in reduction of viable 

cell counts by 21 and 24% respectively (P = 0.0004 and 0.0001). Counts were reduced to zero (P 

= 0.0001) when isolates were exposed to pH 2.0 for the same period (Fig. 4.3) . Similar responses 

of S. typhimurium and S. enteritidis to acid stress using 2N HCl have been reported (Ngwai et 

al. , 2007). Furthermore, Foster (2001) noted that Salmonella cells grown to exponential phase at 

pH 7.7 and shifted directly to pH 3.0 had less than 0.01% survival chances at 60 min of 

exposure. On the contrary, exposing log phase cells of Salmonella to mild acid stress for 30 to 60 

min protected cells undergoing a subsequent transition to pH 3.0 (Foster, 2001 ; Kumar and 

Kumar, 2003). This shows that if Salmonella is not pre-exposed to sub-lethal acid stress during 

food processing, then it is not likely to survive the low pH of human gastrointestinal tract which 

ranges between 1.5 and 2.0. 
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Figure 4.3: Survival curve for Salmonella isolates exposed to Rosemary vinegar acid stress. 
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Figure 4.4: Survival curve of Salmonella isolates exposed to NaCJ stress. 

4.3.4 Response of Salmonella field isolates to salt stress 

60 

Adjustment of growth media with 2M NaCl steadily reduced colony count by 3.3% after 60 min 

of incubation whereas isolates continued to multiply in the presence of 1M NaCl for the first 30 

min followed by 1.4% decline in counts at 60 mins (Fig. 4.4). Ca'Novas et al. (2001) noted that 

exposure to mild osmolarity can stimulate the growth of Salmonella isolates at upper limit 

growth temperatures. This may partly explain the initial increase in viable cell counts of 

Salmonella isolates in the presence of 1M NaCI observed in this study. Furthennore, in acid 

treatment, only the effect of pH on survival of isolates was found to be significant (P = 0.0001) 

rather than the interaction of pH and time (P = 0.11 ). However, in temperature and salt 

treatments, both the treatments and the interaction between treatment and time had significant 

effects (P = 0.001) on the survival of isolates. This shows that time duration is an important 

factor to be considered when decontaminating poultry products using either salt or heat 

treatments . 

This study indicates that TS strains isolated from poultry products obtained from the NWP of 

South Africa are sensitive to 6% rosemary vinegar (adjusted to pH 2.0) and heating at 55 or 60°C 

for 20 or 10 mins respectively. These two treatments may thus be employed as strategies to 
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control NTS in contaminated raw chicken products from slaughterhouse to table. Further studies 

are however needed to evaluate the in-vivo· response of isolates to the various stress conditions 

employed in this study . as the behaviour of the TS organisms in food matrix may be different 

from the response on laboratory media. 
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CHAPTER S 

INCIDENCE AND ANTIBIOTIC RESISTANCE OF COLIFORMS IN RAW AND 

READY-TO-EAT BROILER PRODUCTS OBTAINED FROM THE NORTH WEST 

PROVINCE OF SOUTH AFRICA. 

5.1 Introduction 

Chicken meat contains essential micro- and macroelements and is therefore, high in nutritive 

value (Saikia and Joshi, 201 0). It thus constitutes a part of balanced diet, with high consumption 

rate among South Africans (TAS, 2011). However, studies have shown that poultry meat is often 

contaminated with pathogens such as Campylobacter and pathogenic E. coli (Todd, 1997). This 

is because the high nutritive value of the meat creates an ideal culture medium for the growth of 

many organisms (Al-Mutairi, 2011) . The fact that many of the contaminating organisms are 

associated with food borne illnesses in humans makes their potential presence in meat products 

an issue of public health concern (Fratamico et al. , 2005). Indeed, food borne microbial 

pathogens have been reported to cause an annual 6.5 to 33 million cases of human illness, 

resulting in 9000 deaths (CAST, 1994). Recent changes in eating habits, mass catering services 

and poor sanitary practices have been identified as contributing factors to this plight, particularly 

in developing countries (Hedberg et al., 1992). 

Sources of poultry meat contamination with pathogenic microbes include contents of intestinal 

tract of slaughtered birds, fecal material on feet and feathers, meat handlers, product packing and 

marketing (Saikia and Joshi, 2010; Al-Mutairi, 2011). Globally, the most challenging 

contaminants of raw and processed meat products are members of the family Enterobacteriaceae 

(mainly coliforms), particularly Salmonella, Escherichia, Proteus and Klebsiella species (Al­

Mutairi, 2011). Most genera of Enterobacteriaceae , which further include Enterobacter, 

Serratia, Citrobacter and Yersinia are overt and opportunistic pathogens, many of which have 

been isolated from hospital settings where they are strongly associated with nosocomial 

infections (Micozzi et al., 2000; Rostoff et a!., 201 0). The disease burden caused by the 

pathogens is further increased by high levels of antibiotic resistance leading to complications in 
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the treatment of clinical cases. In addition to causing diseases in humans, species of Proteus , 

Salmonella, Yersinia and Citrobacter have been incriminated in spoilage of refrigerated meat 

and poultry products .(Jay et al., 2005). Previous reports showed annual wastage of 

approximately 3.5 billion kg of meat products at retailer and consumer levels, due mainly to 

microbial spoilage (Kantor et al., 1997). The burden of disease and losses from product wastage 

as a result of microbial contamination calls for proper monitoring of the pathogens in meat and 

poultry products, for the development of effective control strategies. A few studies have been 

conducted in South Africa to assess microbial contamination of ready-to-eat (RTE) broiler street­

vended foods and associated food preparation surfaces (Mosupye and van Holy, 1999; Christison 

et al., 2008; Nyenje et al., 2012). However, microbial contamination of raw and RTE poultry 

products has not been investigated. The present study therefore was aimed at evaluating the 

incidence and antibiotic resistance of coliforrns in raw and RTE broiler products obtained from 

the North West Province (NWP) of South Africa. 

5.2 Materials and Methods 

5.2.1 Sampling, bacterial culture and isolation 

For details of sampling, bacterial culture and isolation, please refer to chapter 2. However, 

MacConkey and XLD agars were used as selective media for isolation of the coliforrns. Colonies 

were purified on XLD agar. The various coliform species were identified by correlating colony 

morphology, Gram stain, oxidase reactions and biochemical characteristics. 

5.2.2 Biochemical screening 

Suspected colonies for the various coliform species on XLD agar were subjected to Enteropluri­

test® (Davies diagnostics, SA), performed according to manufacturer' s instructions. Briefly, each 

Enteropluri-test® system was labelled with sample number and test date. Thereafter, the tip of 

inoculating needle, placed under the system cap, was used (without flaming) to pick a well 

isolated colony from the XLD agar. This was used to inoculate the Enteropluri-test, turning and 

withdrawing the needle throughout the sectors of the system. The needle, which was reinserted 

with a turning movement until the breakage notch, was broken, folding it in correspondence with 
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the notch. The pmiion of the needle remaining in the user's hand was used to punch the plastic 

film in sectors of the system corresponding to adonitol , lactose, arabinose, sorbitol , VP, 

dulcitol/PA, urea and citrate. This was done to support aerobic groV\rt:h. The portion of the needle 

that remained inside the system was left to keep anaerobic conditions necessary for reactions of 

the glucose, lysine and ornithine sectors. The inoculated system was incubated at 36°C for 18 -

24 hrs. Thereafter, the colour reactions were read and converted to five-digit codes. The genera 

and species of the coliforms were identified by comparing the codes with manufacturer' s 

database supplied in a codebook. 

5.2.3 Antimicrobial susceptibility testing 

Isolates identified by biochemical characterization were subjected to antimicrobial susceptibility 

test using a panel of eight antibiotics. These included ampicillin (1 0 11g), ciprofloxacin (5 11g), 

amikacin (30 11g), trimethoprim-sulphamethoxasole (25 11g), cefotaxime (30 11g), meropenem (1 0 

11g), gentamicin (1 0 11g) and erythromycin (15 11g). The antibiotic sensitivity test was performed 

as described in Chapter 3. 

5.3 Results and Discussion 

5.3.1 Coliform bacterial species in raw broiler products 

Coliforms were identified in 90 (75%) raw broiler products analyzed. A total of eight genera of 

coliforms belonging to the family Enterobacteriaceae were isolated from raw products. These 

include four species of Enterobacter (n = 34), three species of Klebsiella (n = 13), two species of 

Citrobacter (n = 6) and one specie each of Serratia (n = 14), Hafnia (n = 9), Escherichia (n = 

11), Yersinia (n = 1), and Proteus (n = 2). In some instances, there were multiple contaminations 

of one sample with two genera/species although this was rare and usually involved less 

pathogenic strains. This may indicate multiple sources of product contamination. Table 5.1 

shows details of coliform bacterial species recovered from raw products. Javadi and 

Safarmashaei (20 11) similarly reported 100% incidence of coliforms in broiler meat marketed in 

Iran. The recovery rate, and variety of coliforms observed in this study, may either be a 
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reflection of poor hygienic conditions in the processmg environment or post-processing 

contamination by personnel involved in packaging. An average of 50% in the incidence of 

coliforms belonging mostly to genera identified in this study has been reported in vegetables 

(Falomir et al. , 201 0). Similarly, a high incidence of Enterobacter aero genes (100%), 

Escherichia coli (98%), Klebsiella pneumoniae (98%), Proteus (49%) and Citrobacter (52%) 

species was noted in raw chicken products in North East India (Saikia and Joshi, 201 0). 

Furthermore, analysis of microbial contamination of raw meat products in Abakaliki, Nigeria 

revealed Escherichia coli and Klebsiella pneumoniae as highest occurring pathogens in the 

products (Iroha et al. , 2011). Members of the genus Klebsiella have also been recovered from 

free-range chicken samples in Western Cape Province of South Africa (Fielding et al., 2012). 

The incidence of Enterobacter cloacae (26.7%) (Table 5.1) observed in the current study, is 

higher than the 9% incidence reported in street foods in Malaysia (Haryani et al., 2008). In 

addition, E. cloacae and E. sakazakii have been isolated in infant fommlar (13 .3 - 20%) and 

crushed wheat (33.3%) respectively (Shaker et al., 2007). Enterobacter species are important 

nosocomial pathogens, and are capable of causing various community-acquired infections 

(Guentzel, 1996). Although only a few genera of bacteria identified in the cunent study have 

been recognised as common pathogens in humans and animals, all the genera can become 

pathogenic under special circumstances. 

For instance, strains of E. coli are commonly associated with enterovirulence, urinary tract 

infections and meningitis (Guentzel, 1996). Similarly, although the pathogenic roles of Serratia 

and Hafnia species are yet to be defined, they are opportunistic pathogens that have been 

incriminated in nosocomial infections (Ramos and Damasos, 2000; Grimont and Grimont, 2006). 

Furthermore, Klebsiella pneumoniae, a nosocomial pathogen associated primarily with 

respiratory and urinary tract infections, was reported as an enteroinvasive pathogen in 1998 

(Sabota et al. , 1998). In the United States, Yersinia pseudotuberculosis has been identified as a 

cause of gastroenteritis and lymphadenitis with a fairly high case-fatality rate (Long et al., 201 0). 

Therefore, the observations in this study are of serious public health significance. This is in view 

of the fact that when undercooked contaminated products are consumed, the 

immunocompromised persons are the most affected, usually with high fatality rates (Doyle and 
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Erickson, 2006). However, in addition to the public health significance, the Enterobacteriaceae 

family of bacteria are generally associated with spoilage of meat products (Jay et al., 2005). 

5.3.2 Coliform bacterial species in RTE chicken products 

Coliforms were isolated from 15 (25%) of R TE products and three genera of coliforms were 

identified viz: two species of Klebsiella (n = 3) and one specie each of Se!'ratia (n = 11) and 

Stenotrophomonas (n = 1) (Table 5 .2). The recovery rate of coliforms in RTE products observed 

in this study is lower than the incidence of 42% and 75% reported for similar products in Korea 

and Taiwan respectively (Fang et al., 2003; Cho et al., 2011). Klebsiella species were also found 

to contaminate curry and tandoori chickens purchased from restaurants in Parbhani city, India 

(Rindhe et al., 2008). Arnmar (2005) similarly reported a 24% incidence of Klebsiella oxytoca in 

sausages whereas Al-Mutairi (2011) noted a much lower incidence of Klebsiella specie (4%) in 

similar products. Furthermore, the incidence of Stenotrophomonas maltophilia ( 6. 7%) in the 

current study is lower than the 78% reported by Qureshi et al. (2005) in RTE salads in the United 

Kingdom. Isolation of coliforms in RTE products in the current .study may suggest improper 

processing of contaminated raw poultry or post processing contamination of the products. In 

human clinical infections, all the isolates recovered in this study are associated with nosocomial 

infections and have been reported to cause bacteremia, particularly in irnmunocompromised 

individuals (Guentzel, 1996; Micozzi et al. , 2000). In addition, Klebsiella pneumoniae is 

strongly associated with pneumonia whereas S. maltophilia has been incriminated in cases of 

meningitis and pacemaker endocarditis (Y emisen et al., 2008; Rostoff et al., 201 0). This study 

represents the first report on the incidence S. maltophilia in RTE foods in the NWP of South 

Africa. 
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Figure 5. 1: Percentage inc idences of coliform species isolated from raw and RTE poul try products 

Table 5. 1: Incidence of coliform bacterial species in raw broi ler products 

Coliform species No. of Percentage 
Isolates of Isolates 

Enterobacter cloacae 24 26.7 

Enterobacter sakazakii 4 4.4 

Enterobacter aerogenes 4 4.4 

Enterobacter amnigenus 2 2 2.2 

Serratia liquefaciens 14 15.6 

Klebsiella pneumoniae 11 12.2 

Klebsiella ornitholytica 2 2 .2 

Hafnia alvei 9 10 

Citrobacter freundii 4 4.4 

Citrobacter braakii 2 2.2 

Escherichia coli 11 12.2 

Yersinia pseudotuberculosis 1. 1 

Proteus mirabilis 2 2.2 
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Table 5.2: Incidence of coliform bacterial species in RTE poultry products 

Coliform species No. of Percentage 
isolates of isolates 

Serratia liquefaciens 11 73 .3 

Klebsiella pneumoniae 
1 6.7 

Klebsiella ozonae 2 13.3 

Stenotrophomonas maltophilia 6.7 

5.33 Antibiotic resistance patterns 

Strains of Enterobacter cloacae showed four resistance patterns whereas Klebsiella pneumoniae 

showed three patterns. Serratia liquefaciens, Hafnia alvei and E. coli had two resistance patterns 

each (Table 5.3). However, all isolates were resistant to ampicillin with the exception of 

Enterobacter sakazakii, Klebsiella ozonae and a strain of E. coli. Similarly, resistance to 

erythromycin was found in all isolates except a strain of Enterobacter cloacae. Furthermore, 

Yersinia pseudotuberculosis and Stenotrophomonas maltophilia were both resistant to seven out 

of the eight antibiotics tested, and were only susceptible to ciprofloxacin and trimethoprim­

sulphamethoxasole respectively. Susceptibility of S. maltophilia to trimethoprim­

sulphamethoxasole is in agreement with the report of Qureshi et al. (2005). However, a contrary 

observation was reported by Rostoff et al. (2010) in a patient who died of pacemaker 

endocarditis caused by S. maltophilia. Resistance of S. maltophilia to ~-lactams , 

aminoglycosides and ciprofloxacin accords with the observations of Micozzi et al. (2000) in 

haematology patients with S. maltophilia bacteremia. Resistance to more than one antibiotic 

noted in Enterobacter cloacae agrees with the observation of Haryani et al. (2008) who noted six 

resistance patterns in E. cloacae isolated from street foods in Malaysia. 
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Figure 5.2: Percentage resistance of coliform iso lates to individua l antibiotics. Cip = ciprofloxacin; Ctx = 

cefotaxime; Mem = meropenem; Gm = gentamycin ; Ak = amikacin ; Ap = ampicillin ; Ts = trimethoprim­

sulphamethoxasole; E = erythromycin 

Multiple antibiotic resistance was similarly reported in large proportions of Klebsiella species 

and E. coli isolated from slaughtered chickens in Italy (Turtura et al. , 1990). Indeed, members of 

Enterobacteriaeceae family are commonly associated with production of ESBLs (Extended 

spectrum ~- lactamases). For instance, production of TEM-63 was reported in Klebsiella 

pneumoniae and strains of Enterobacter cloacae , E. coli and Proteus in South Africa (Essack et 

al., 2001; Gray et al. , 2006). Similarly, Tzelepi et al. (2000) studied coliform clin ical isolates in 

Greece and reported transferable ESBLs in 23 and 58% of Enterobacter cloacae and 

Enterobacter aerogenes respectively. They further noted that the most frequent ESBL type 

identified in the aforementioned Enterobacter species is widely spread among K. pneumoniae 

and E. coli isolates, indicating horizontal gene transfer among Enterobacteriaeceae family . 
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Table 5.3: Antibiotic resistance patterns of coliform species isolated from raw and RTE broiler products 

Coliform species 

Enterobacter cloacae 

Enterobacter sakazakii 

Enterobacter aerogenes 

Enterobacter amnigenus 2 

Serratia liquefaciens 

Klebsiella pneumoniae 

Klebsiella ozonae 

Klebsiella ornitholytica 

Hafnia alvei 

Citrobacter freundii 

Citrobacter braakii 

Stenotrophomonas maltophilia 

Escherichia coli 

Yersinia pseudotuberculosis 

Proteus mirabilis 

Resistance patterns 

Cip-Ap-Ts-E; Ap-Ts-E; Mem-Ap-Ts; 

Ap-E 

Cip-Ts-E 

Gm-Ak-Ap-Ts-E 

Ap-E 

Ap-Ts-E; Ap-E 

Ctx-Mem-Ap-Ts-E; Ap-Ts-E; Ap-E 

E 

Ap-E 

Ap-Ts-E; Ap-E 

Ap-E 

Ap-E 

Cip-Mem-Ctx-Gm-Ak-Ap-E 

Gm-E; Ap-E 

Ctx-Mem-Gm-Ak-Ap-Ts-E 

Ap-Ts-E 

Cip = ciprofloxacin; Ctx = cefotaxime; Mem = meropenem ; Gm = gentamycin; Ak = amikacin ; Ap = ampicillin ; TS 

= trimethoprim-sulphamethoxasole; E = erythromycin 

Although prevwus studies reported lowe frequency of resistance transfer among coliforms 

isolated from retailed poultry (Bensink and Botham, 1983), the resistance patterns expressed by 

some species in the current study calls for serious public health intervention. This is in view of 

the fact that similar resistance patterns were also noted in those same species when they were 

isolated in clinical cases (Micozzi eta!., 2000). 

This study indicates that both raw and RTE poultry products in the NWP of South Africa are 

contaminated with various species of coliforms, some of which are highly resistant to most 

routine antibiotics used in treatment of human infections. 
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CHAPTER6 

CONCLUSIONS AND RECOMMENDATIONS 

Existing data in NICD gives information on outbreaks of foodbome salmonellosis in South 

Africa and laboratory isolation ofNTS serotypes from such outbreaks (NICD, 2010). However, 

despite the fact that such outbreaks have been associated with consumption of poultry products 

(Smith et a!., 2007), there is no adequate data on the prevalence of NTS in- poultry products in 

South Africa, and particularly the North West Province (NWP). Raw broiler products obtained 

from the NWP of South Africa were found to be contaminated with three major serotypes of 

non-typhoidal Salmonella, with an average incidence rate of 12.5%. The strains identified were 

S. typhimurium, S. enteritidis and S. newport. The results of this study therefore represent the first 

report on the incidence ofNTS in chicken products in the NWP, and the prevalent serotypes. It is 

however, worthy to note that the three NTS serotypes isolated in this study were also the same 

serotypes identified in 49 NTS cases reported from the NWP to GERM-SA in 2011 (Crowther­

Gibson et a!., 2011). This incriminates raw chicken products as major possible vehicles 

contributing to foodbome salmonellosis in the NWP. Furthem1ore, multiple contamination of 

one sample by different serotypes, and the genetic diversity among isolates of the same or 

different serotypes (as expressed by RAPD fingerprinting) suggest varying sources of product 

contamination. This is a cause for public health concern. It therefore, calls for adequate 

monitoring and establishment of effective strategies to control contamination along the 

production/supply chain, in order to safeguard public health. No NTS was recovered from 

polonies and vien-nas (RTE products), and this could be attributed to the effectiveness of 

employed RTE processing techniques in eliminating Salmonella contaminants from raw 

products. This report should provide confidence and reassurance to both RTE producers and 

consumers. However, as discovered in this study, chances of Salmonella recovery from chicken 

samples could be greatly enhanced by leaving the inoculated RV enrichment broth (post­

incubation) for 24 hrs at room temperature before plating on selective media. Growth on 

selective media, particularly XLD agar, could be further improved by incubating the inoculated 

plates at 37°C for 36 hrs instead ofthe routine 24 hrs . 
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Furthermore, the observations of this study indicate that NTS strains isolated from broiler 

products in the NWP of South Africa are resistant to multiple antibiotics, including quinolones. 

Resistance to ampicillin, tetracycline and erythromycin (common drugs used in poultry 

production) was the most frequent phenotype observed. Reports from GERM-SA on 

antimicrobial resistance patterns of S. typhimurium, S. enteritidis and S. newport strains isolated 

from NTS cases in the NWP showed lower resistance to ampicillin, tetracycline and 

chloramphenicol than observed in the current study. Results of this study therefore, incriminate 

the slaughtered broiler chickens as the most probable source of product contamination. This 

infers that there is either absence of, or lack of adherence to proper regulations regarding prudent 

use of antimicrobial agents in poultry production in the NWP. Indeed, widespread use of 

antimicrobial agents in food animals, particularly animal feeds , has been indicated as a major 

source of the spread of antimicrobial resistance in pathogens (Su et al., 2004). In South Africa, 

data regarding the epidemiological situations of antimicrobial resistance in NTS, particularly in 

foods of animal origin, is lacking. The results of this study therefore provide useful information 

regarding the current status of antimicrobial resistance patterns of NTS serovars isolated from 

raw broiler products in the NWP. Furthermore, antimicrobial resistant bacteria are considered as 

hazards in antimicrobial resistance risk assessment. Therefore, the information obtained from 

this study could be used as part of risk analysis of the distribution of antimicrobial resistance in 

the NWP of South Africa. It is however, recommended that guidelines on the prudent use of 

antimicrobials in animal production in South Africa should be developed and adherence to such 

guidelines by poultry producers should be ensured. This is to prevent the potential risk of the 

spread of antimicrobial resistant pathogens from animal products to humans. 

However, the NTS serotypes identified in this study were inactivated by 6% rosemary vinegar 

(adjusted to pH 2.0) and heating at 55 or 60°C for 20 or 10 mins respectively. Although 6% 

rosemary vinegar, which has a natural pH of 1.5, has been used for salad dressing and meat 

marination (Marianski et al., 2009), there is no documentation about its direct effect on food 

microbial contaminants. This study therefore serves as the first report on the efficacy of 

rosemary vinegar in inactivating meat microbial contaminants. The current study also indicates 

that the use of 6% rosemary vinegar in the chicken meat processing chain may reduce the risk of 

exposure of consumers to NTS pathogens. Furthermore, the NTS serotypes isolated in the 
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current study have the potential for rapid multiplication, with a generation time of 38 mins at 

37°C. However, incubation at 55 or 60°C for 20 or 10 mins in the laboratory media was 

sufficient to inactivate them. In South Africa, outbreaks of NTS foodborne illnesses, associated 

with mass catering services are frequently reported (Smith et al., 2007; Niehaus et al., 2011). 

However no official temperature/time recommendations exist in law to guide the cooking of 

food, particularly meat/poultry products. This may be due to scarcity of data on heat resistance 

characteristics of pathogens. Thus the current study, which is a premier report in the NWP, on 

response of NTS isolates to heat stress, may serve as a guide in official temperature/time 

recommendations for cooking poultry meat. In the meantime, consumers should be encouraged 

to adopt the recommendations of Advisory Committee on Microbiological Safety of Food 

(ACMSF) on heating chicken portions/whole chickens to achieve a temperature of 85°C (Anon, 

2006±). This is to give allowance for wide safety margin, as the behaviour of the NTS organisms 

in food matrix may be different from the response on laboratory media. Further studies are 

however needed to evaluate the in-vivo response of isolates to the various stress conditions 

employed in this study. 

Both raw and RTE broiler products were contaminated with members of the family 

Enterobacteriaeceae (coliforms), many of which have been associated with meat spoilage as 

well as human infections. Some of the coliforms were also highly resistant to routine antibiotics 

used in human infections. In recent times, test for Enterobacteriaceae in foodstuffs is used as 

indicator of hygiene and post-processing contamination. However, the emerging antibiotic 

resistance in the Enterobacteriaceae family, particularly to ~-lactams, makes their presence in 

foods an issue of major public health concern. The isolation of various genera of 

Enterobacteriaceae from both raw and R TE products in the present study suggests lack of strict 

hygiene control measures in the food chain. Of particular significance is the isolation of 

multidrug-resistant Stenotrophomonas maltophilia from chicken polony, which is the first report 

on isolation of the organism from food in the NWP of South Africa. Stenotrophomonas 

1naltophilia, which is emerging as an important nosocomial pathogen particularly in 

immunocompromised persons, sometimes resides as flora on the intact skin and nasal passages 

of man and farm animals (Qureshi eta!., 2005; Adegoke and Okoh, 2012). This suggests post­

processing contamination of the contaminated RTE products analysed in this study. Although 
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infections caused by S. maltophilia in healthy individuals are uncommon, its phenotypic display 

of antibiotic resistance, including to new generation antibiotics, places it as a high risk organism 

(Frere, 1995; Adegoke and Okoh, 20 12). This is because of the organism's potential to transfer 

antibiotic resistance genes to other members of the Enterobacteriaceae family, some of which 

could cause more serious infections (Blahova et al., 1997). R TE products are usually consumed 

without further preparation. The results of this study therefore indicate that the ever-increasing 

consumption of R TE poultry products can contribute to the spread of antibiotic resistant 

organisms. This calls for establishment of good hygienic practices in the food production chain, 

and adequate processing of RTE foods in order to curtail the dissemination of antibiotic 

resistance genes in the community. 

In summary, the presence of multidrug resistant S. typhimurium and Stenotrophomonas 

maltophilia in the chicken products poses serious public health risks, particularly to 

immunocompromised persons. Hazard Analysis Critical Control Point (HACCP) procedures 

should be emphasized at all levels of poultry processing in order to reduce the spread of 

antibiotic-resistant pathogens from animals to humans. A minim!JIIl of four articles will be 

published from this study, out of which two articles have been submitted to peer-reviewed 

accredited journals for publication. 
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ANNEXURES 

Pix 1 and 2: Antimicrobia l susceptibility test showing susceptible iso lates 

Pix 3: Antimicrobial susceptibili ty test showing 

multidrug-resistant isolates 
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Pix 5: Growth of S. enteritidis on XLD agar · 
agar 

Pix 7: Growth of S. newport on XLD agar 
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Pix 6: Growth of S. typhimurium on XLD 
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Pix 8: Agarose gel (0.8%) electrophoresis 

of extracted plasmid DNA 
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Pix 9: Agarose gel (0 .8%) electrophoresis of extracted genomic DNA 
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