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second sampling interval. Thereafter, the filtration technique was used for the rest of the 

sampling period.  

It was noted that, after the initial sampling periods had elapsed, isolated Campylobacter 

colonies were recovered. These colonies were counted and the concentration of the surviving 

bacterial load calculated albeit not being a quantitative study. This was done to enable the 

construction of a survival curve of each bacterial strain (Figure 4.2).  

 

4.4 RESULTS 

4.4.1 Respective inoculum concentrations used to artificially contaminate chicken meat 

samples 

 

Table 4.1 Concentrations (CFU.ml
-1

) of the respective Campylobacter inoculums used to 

artificially contaminate fresh chicken meat portions 

Campylobacter strain  Concentration (
*
CFU.ml

-1
) 

Campylobacter coli CF9a 8.75 × 10
24

 

Campylobacter coli CF10a 7.35 × 10
24

 

Campylobacter jejuni S1b 1.56 × 10
24

 

Campylobacter jejuni subsp. jejuni biotype 1 2.1 × 10
24

 

*CFU.ml
-1

 : Colony forming units per millilitre 
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4.4.2 Effect of refrigeration temperatures on the survival of C. coli and C. jejuni in artificially contaminated chicken meat 

 

 

Fig. 4.1 Survival curve of Campylobacter species in refrigerated chicken meat for a period of 8 days 

 

 

4.4.3 The effect of freezing on the survival of C. coli and C. jejuni in artificially contaminated chicken meat - next page 
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Fig. 4.2 The effect of freezing on the survival of C. coli (a, b) and C. jejuni (c, d) in artificially contaminated chicken meat over 30 days (standard deviations varied from 0 

and 16.6 log10 CFU.ml
-1

). 

a b 

c d 
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4.5 DISCUSSION 

This study qualitatively determined the survival period of C. coli and C. jejuni in fresh chicken 

refrigerated at 4°C and frozen chicken at -20°C. These temperatures were chosen as fresh chicken is 

kept refrigerated at 4°C in supermarkets and in the domestic setting and chicken are usually frozen 

for long term storage. This study therefore simulates the practices of the supermarket and domestic 

setting. 

 

A high concentration of bacteria was used to inoculate the chicken portions (Table 4.1). This study 

was of a qualitative nature and therefore this high concentration of the inoculums were not reduced 

to a concentration level of naturally contaminated chicken (~10
5
 to 10

9 
CFU g

-1
 - Corry and Atabay 

2001; Zweifel et al. 2008). The main aim was to determine the period of survival of the respective 

Campylobacter strains at the respective temperatures.  

 

The Campylobacter strains used to artificially contaminate the chicken meat portions were initially 

isolated from free range (C. jejuni subsp. jejuni biotype 1 NS24a) and commercial (C. coli CF9a 

and CF10a, C. jejuni S1b) chicken. The chicken meat portions used in the study was of commercial 

farming origin. Antibiotics and Antibiotic Growth Promoters (AGPs) are still extensively used in 

commercial farming in South Africa at both therapeutic and sub-therapeutic levels respectively 

(Xingwana 2008). This means that it is probable that the Campylobacter strains of commercial 

chicken origin have previously been exposed to antibiotics and it is likely that the strains were 

resistant to the antibiotic present in the chicken meat portions used in this study. It is unknown 

which antibiotics were used in the rearing of the commercial chicken. The opposite is true for the 

Campylobacter strain of free range chicken origin. These chickens are not exposed to antibiotics 

during rearing and therefore the Campylobacter strains isolated from free range chicken are not 

likely to be resistant to antibiotics.  
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The four Campylobacter strains used in this study to artificially contaminate the chicken meat 

portions were able to survive for 8 days at 4°C (Figure 4.1) after which the chicken was discarded 

as it had exceeded its shelf life at refrigeration temperatures. The bacterial counts did not appear 

reduced in number as smears of growth were evident at each sampling interval. C. jejuni subsp. 

jejuni biotype 1 NS24a, an isolate of free range origin, also showed no decline in number upon 

visual examination, in comparison with the rest of the strains used in the study. These results are in 

agreement with a study done by Sampers et al. (2010) as their results also demonstrated that 

Campylobacter were able to survive for 14 days at 4°C without a noticeable reduction in the 

bacterial count. This present study has an added advantage whereby a direct detection method was 

used in comparison with the use of the enrichment protocol, ISO10272-1:2006, to detect survival of 

Campylobacter in frozen chicken meat samples (Sampers et al. 2010). 

 

The study of the effect of freezing on Campylobacter species was done in duplicate and each strain 

displayed a different trend in its respective survival curve (Figure 4.2). All strains survived the first 

six days with no noticeable reduction in bacterial numbers. This is not in agreement with previous 

studies as those studies showed an immediate (within ~2 days) reduction in bacterial numbers 

(Georgsson et al. 2006; Habib et al. 2010; Sampers et al. 2010). All strains beside the strain C. 

jejuni subsp. jejuni biotype 1 NS24a, also survived until the eighth day with no noticeable reduction 

in bacterial count. C. jejuni subsp. jejuni biotype 1 NS24a was not culturable at all from day eight. 

This is not in agreement with other studies as there was no gradual reduction in bacterial numbers 

before losing its culturability. A possible reason for this could be that the strain is more susceptible 

to antibiotic residues that may be left on the chicken than the other strains, as it is of free range 

chicken origin. Strain C. coli CF10 only survived for 25 days where only one colony had grown. 

Strains C. coli CF9 and C. jejuni S1b both survived for 30 days where counts <10 colonies were 

still obtained. A gradual decrease in numbers was observed throughout the survival experimental 

period of these two Campylobacter strains. The standard deviations varied from 0 to 16.6. The 
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higher standard deviations (for all strains) at some of the the respective sampling intervals (Figure 

4.2) are due to no colony count observed in one trial while colonies were observed for the second 

trial of each respective strain (experiments performed in duplicate). These standard deviations 

would improve if the experiment is repeated several more times. The experiments were stopped at 

day 30 and this means that these two strains may have survived past the 30 day experimental 

period. Previous studies have shown that Campylobacter strains are able to survive >84 (Sampers et 

al. 2010) to 220 days (Georgsson et al. 2006). The commentary on the reduction in bacterial count 

in this present study is not for quantitative purposes but rather described for comparison with 

previous studies. 

 

The filtration technique is based on the motility ability of Campylobacter organisms. This method 

could promote a more rapid and reliable detection method of viable Campylobacter (Wisessombat 

et al. 2009). This filtration technique employed in this study, proved to be superior to the standard 

streaking technique as it eliminated competing bacteria that has the potential to inhibit the growth 

of Campylobacter or to cause an overgrowth in which Campylobacter will not be identified.  
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4.6 CONCLUSION 

The results obtained in the survival of Campylobacter in chicken meat demonstrate the risk 

associated with handling chicken in the supermarket and in the home during food preparation. 

These results show that it is very likely that chicken naturally contaminated with Campylobacter 

may retain Campylobacter levels if stored in the refrigerator or a reduced count if frozen due to the 

susceptibility of Campylobacter to multiple freeze-thaw cycles. Handling raw chicken and the 

consumption of undercooked contaminated chicken meat products has the ability to cause 

campylobacteriosis if proper hygiene and cooking practices are not adhered to in the home.  

 

The variability of the survival period of each Campylobacter strain used in the study demonstrates 

that the survival of Campylobacter species in chicken meat is strain dependent. This study could be 

improved by increasing the number of strains used in the study, especially those of free range origin 

to determine the hypothesis that free range isolates are more susceptible to antibiotic residues 

present. Clinical Campylobacter strains should also be included in the study to determine whether 

they have the ability to survive in chicken. This could add further proof that chicken meat and 

products are the main source of Campylobacter infection in humans.  
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Chapter 5 – Antimicrobial profiling of Campylobacter isolates 

5.1 ABSTRACT 

Antibiotics are chemical compounds that inhibit or destroys the growth of microorganisms and are 

used for the therapeutic treatment of infections in humans and animals. They are also used sub-

therapeutically for the promotion of growth and performance in food animals. Incorrect usage and 

exposure to antibiotics increases the risk of the bacteria acquiring resistance to a specific antibiotic. 

Antibiotic growth promoters (AGPs) are still used intensively in the South African poultry industry 

and therefore contribute to the increase in resistance patterns of certain antibiotics. Antibiotic 

susceptibility testing was carried out for nalidixic acid, tetracycline, erythromycin and ciprofloxacin 

according to the disk diffusion method of the NHLS. The percentages of resistant C. coli strains (n 

= 33) of free range chicken were 18, 39, 61 and 85% respectively, while C. jejuni strains (n = 56) 

isolated from free range chicken were resistant to the above-mentioned antibiotics by 4, 11, 50 and 

64%, respectively. C. coli isolates (n = 4) of commercial chicken origin were 100, 50, 100 and 25% 

resistant to the antibiotics, respectively, while C. jejuni strains (n = 29) showed 100, 86, 97 and 

79% resistance to the antibiotics, respectively. The resistance prevalence is very high and is 

suggestive that previous exposure of the bacterial isolates to antibiotics is the main reason of the 

high resistance levels. Alternative strategies to reduce bacterial infections in poultry should be 

sought. More research, however, into bacteriophage therapy, the use of bacteriocins and 

competitive exclusion is needed as the methods show a great potential as a substitution to antibiotic 

therapy. Since the implementation of an appropriate measure of control for the successful reduction 

of Campylobacter on the farm is not in place, the focus should be to limit the transmission of 

infection from animals, animal products and the environment to humans.  
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5.2 INTRODUCTION 

 

Antibiotics were originally isolated from microorganisms and can be defined as chemical 

compounds that inhibit the growth of other microbes in its surrounding environment. The classes of 

antibiotics are classified by its structural type as well as its mechanism of action in inhibiting or 

killing the target cell(s) (Davies 2006). In the early 20
th

 century, it was discovered that not only 

were antibiotics beneficial to the health of humans, but was also beneficial to the health of food 

animals and enhanced its growth and performance at sub-therapeutic levels (van den Bogaard and 

Stobberingh 2000; Castanon 2007; Martinez 2009; Silva et al. 2011). However, a clear correlation 

of the acquired resistance of bacteria to the antibiotics used in the animal feed became apparent 

(Alanis 2005; Dibner and Richards 2005).   

 

The use of antibiotics as growth promoters led to the vast emergence of antibiotic resistant 

pathogens globally in the 1980s and this led to the recommendation that all antibiotic growth 

promoters (AGPs) should be banned. The next decade saw the banning of AGPs in several 

European countries (Aarestrup et al. 1998; Casewell et al. 2003; Dibner and Richards 2005; 

Castanon 2007). South Africa (SA), however, continues to use antibiotics intensively in the 21
st
 

century but acknowledges that this practise may lead to the development of antibiotic resistant 

bacteria, which in turn, could compromise human therapy (Xingwana 2008). This use of antibiotics 

at sub-therapeutic levels apply to the commercial chicken farming industry in SA, while free range 

chicken are bred with limited exposure to antibiotics and are only administered to the chicken for 

therapeutic treatment of diseases (Humphrey et al. 2007). 

 

Campylobacteriosis is considered to be a zoonotic illness as it is mainly acquired from the handling 

and consumption of raw and inadequately cooked contaminated chicken (Bester and Essack 2010). 

Patients with campylobacteriosis that require antibiotic therapy are primarily treated with 

macrolides and fluoroquinolones (Avrain et al. 2003; Ishihara et al. 2004; Moore et al. 2006; Bester 
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and Essack 2008) while tetracyclines, although rarely used, have been suggested as an alternative 

choice of treatment. Serious cases of Campylobacter infections, such as bacteremia or other 

systemic infections may necessitate the administration of intravenous aminoglycoside (gentamicin) 

therapy (Aarestrup and Engberg 2001). 

 

Globally, there have been increased reports of Campylobacter of broiler (chicken) origin being 

resistant to antibiotics within the fluoroquinolone and macrolide classes of antibiotics 

(Luangtongkum et al. 2009). Various food safety organizations across the globe have highlighted 

the importance of monitoring the trend of antibiotic resistance and subsequently, organizations such 

as the Clinical and Laboratory Standards Institute (CLSI) and British Society for Antimicrobial 

Chemotherapy (BSAC) were established to set standards for the detection of antibiotic resistance in 

pathogens of clinical and food origin.  

 

Many methods exist for the detection of antibiotic resistance in bacterial isolates. The earliest 

method available was the broth macrodilution method which involved the preparation of two-fold 

dilutions of antibiotic in an appropriate liquid growth medium. The tubes are inoculated with a 

standardized suspension of bacterial culture and the lowest concentration of antibiotic that 

prevented growth represented the minimal inhibitory concentration (MIC). The macrodilution 

protocol can now be performed on a micro scale where the assay is performed in a 96 well tray and 

eliminates the laborious disadvantages of the former method. The possibility of errors in the 

preparation of the antibiotic solutions and the relatively large amount of reagents used is also 

reduced. The antimicrobial gradient diffusion method establishes an antibiotic concentration 

gradient in a solid growth medium as a means of detecting susceptibility. The method has been 

commercialized with the advent of the Epsilometer-test (E-test). The E-test strips are impregnated 

on the underside with a dried antibiotic concentration gradient and the MIC is determined by the 

intersection of the lower part of the ellipse shaped growth inhibition area with the test strip. A 
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disadvantage of this method is that it is expensive especially when a few different types of 

antibiotics are to be tested (Jorgenson and Ferraro 2009). The disk diffusion method is simple, 

practical and cost efficient yielding qualitative results that can be interpreted as susceptible, 

intermediate resistance or resistant (Anon 2005; Jorgenson and Ferraro 2009; Anon 2011; Anon 

2012). 

 

The above-mentioned methods have been employed to determine the antimicrobial susceptibility of 

Campylobacter to a range of antibiotics. However, no internationally accepted method is available 

as a susceptibility testing method for Campylobacter. As a result, there is much debate about the 

method and interpretation of results used for susceptibility testing of campylobacters. Many studies 

have investigated the variation of results when the above-mentioned methods were compared. It 

was agreed upon, amongst authors, that the disk diffusion method was the most reliable for 

monitoring the prevalence of antibiotic resistant C. jejuni (Moore et al. 2006). 

 

The South African National Health Laboratory Services (NHLS) have compiled disk diffusion 

susceptibility testing guidelines based on a variety of publications comparing the MICs obtained 

using the agar dilution method to the susceptibility testing results obtained using the disk diffusion 

method (A. Whitelaw, personal communication). 

 

The aim of this study was to establish the antimicrobial susceptibility patterns of C. coli and C. 

jejuni from South African free range and commercial chicken origin using reliable, locally 

established disk diffusion testing parameters.  
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5.3 MATERIALS AND METHODS 

5.3.1 Control and reference strains 

 

The appropriate susceptible control strains should be used to monitor the performance of 

antimicrobial susceptibility tests (not for the interpretation of susceptibility) while resistant strains 

such as Haemophilus influenza ATCC 49247, which is a β-lactamase negative, ampicillin resistant 

strain, should be used to determine whether the method will detect mechanisms of resistance against 

certain antibiotics (Anon 2012). Due to the lack of availability of control strains, a clinical reference 

strain, C. jejuni GSH 5953887, was used to monitor the performance of the technique used. The 

reproducibility of the antibiotic susceptibility test technique was determined in triplicate using the 

disk diffusion method outlined below. 

 

5.3.2 Antibiotic susceptibility testing of Campylobacter isolates using the disk diffusion method 

 

Tryptose Blood Agar Base (Oxoid, Basingstoke, UK) supplemented with 10% unlysed citrated horse 

blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA plates) was used for the 

routine isolation and subculturing of Campylobacter species,  unless otherwise stated. Mueller 

Hinton Agar (Oxoid, Basingstoke, UK) supplemented with 5% unlysed citrated horse blood 

(hereafter wholly referred to as MHA) plates were used for the antibiotic susceptibility testing using 

the disk diffusion method. The detailed preparation procedure of the growth media plates are 

described in Appendix A. Excess moisture was removed from the plates prior to use by drying the 

plates for one hour in a class two biohazardous Bio-Flow laminar flow cabinet (Labotec, Cape Town, 

South Africa). All incubations were carried out at 37°C in a carbon dioxide (CO2) incubator (Nu-

Aire, Lasec, South Africa) with a 5% CO2 flow for 48 h, ± 4 h, unless otherwise stated.  
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The Campylobacter isolates (n = 122) were isolated from South African free range and commercial 

chicken using the Cape Town Protocol and ISO 10272-1:2006 method outlined in Chapter 2. After 

biochemical characterization and PCR confirmation of the isolates as belonging to the genus 

Campylobacter, the disk diffusion method was used to determine the antibiogram of each isolate. 

Free range chickens yielded 89 Campylobacter isolates, of which 56 were C. jejuni and 33 were C. 

coli. Commercial chickens yielded 34 isolates, of which 29 were C. jejuni and 4 were C. coli. 

 

The antibiotics and concentrations thereof used in this study as well as the interpretation of results 

obtained are listed in Table 5.1. All antibiotics were purchased from Oxoid, Basingstoke, UK.  

 

 

Table 5.1 Concentrations of antibiotics and the corresponding zone diameters of the disk diffusion 

susceptibility test according to the NHLS 

Antibiotic Class Antibiotic 
Concentration 

(µg) 

Interpretation of zone diameters (mm) 

R ≤ I S ≥ 

Cephalosporin Cephalothin 30 For identification only 

Fluoroquinolone Ciprofloxacin 1 19 20-22 23 

Quinolone Nalidixic acid 30 6 - 6 

Macrolide Erythromycin 15 15 16-18 19 

Tetracyclines Tetracycline 10 17 18-28 29 

R – Resistant; I – Intermediate resistance; S – Susceptible 

The batch of Campylobacter isolates (n = 34) of commercial chicken origin were tested with the 

same antibiotics as listed in Table 5.1 except that the concentrations of the ciprofloxacin disks used 

were 5µg and the concentration of tetracycline used was 30 µg. These concentrations were used as 

part of the guidelines set forth by the CLSI. The CLSI has no guidelines for the interpretation of 

disk diffusion susceptibility for Campylobacter. Therefore, the CLSI concentrations were used yet 

the zones of inhibition were interpreted according to the NHLS guidelines (Table 5.1).  
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5.3.2.1 Preparation of the inoculum 

The inoculum should give a semi-confluent growth of colonies after 48 h ± 4 h of incubation. The 

density of the inoculum was matched to the 0.5 McFarland standard within the absorbance range of 

0.08 – 0.13 at 625 nm. The McFarland standard was prepared by adding 0.05 ml of 0.048 M BaCl2 

(Merck, South Africa) to 9.5 ml of 0.18 M H2SO4 (Merck, South Africa) with constant stirring. The 

suspension was thoroughly mixed by vortexing for 15 s and single-use aliquots (1.5 ml) was 

dispensed into 2 ml microcentrifuge tubes and stored in the dark at room temperature for up to six 

months. Before use, the McFarland standard was thoroughly mixed using a vortex and transferred 

to a cuvette (Lasec, South Africa) with a one cm light path. Using sterile, filtered distilled water as 

a blank standard, the absorbance of the McFarland standard was measured using a Spectronic 

Helios Epsilon spectrophotometer (Thermo Scientific, USA) at 625 nm. The absorbance of a 0.5 

McFarland standard should be between 0.08 – 0.13.  

 

The Campylobacter inoculums were prepared using the direct colony suspension method where 

each Campylobacter isolate was sub-cultured on a fresh TBA plate and incubated. The colonies 

were then transferred to one millilitre of sterile, filtered distilled water, vortexed to ensure an even 

suspension and the absorbance was read. The density of the inoculum matched that of the 0.5 

McFarland standard absorbance range (0.08 to 0.13) at 625 nm. When needed, the density of the 

inoculum was adjusted to fall within the absorbance range using sterile, filtered distilled water or 

with the addition of more colonies to the inoculum and mixed to ensure an even suspension before 

the absorbance was read again.  

 

The inoculum suspension was used within 15 min of preparation. A sterile cotton-wool swab 

(Sterilin, UK) was dipped into the suspension and excess liquid was removed by turning the head of 

the swab against the side of the microcentrifuge tube. The inoculum was spread over the entire 

surface of the MHA plate by swabbing in three directions. The plate was allowed to dry at room 
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temperature before the antibiotic disks were applied. An antibiotic disk dispenser (Oxoid, 

Basingstoke, UK) was used to apply the disks to the plates. No more than three antibiotic disks 

were applied to one plate.  

 

Following incubation, the diameter of the zones were measured in millimetres and interpreted as 

susceptible, intermediate or resistant for each antibiotic disk.  
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5.4 RESULTS 

 

Fig. 5.1 The antimicrobial susceptibility patterns of Campylobacter isolates of free range chicken farming 

origin (NA – Nalidixic acid; TE – Tetracycline; E – Erythromycin; CIP – Ciprofloxacin) 

 

Fig. 5.2 The antimicrobial susceptibility patterns of Campylobacter isolates of commercial chicken farming 

origin (NA – Nalidixic acid; TE – Tetracycline; E – Erythromycin; CIP – Ciprofloxacin) 
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5.5 DISCUSSION 

 

The use of antimicrobials as therapeutic agents in food animals has resulted in the emergence of 

antibiotic resistant bacteria, including antibiotic resistant Campylobacter (Aarestrup et al. 1998; 

Aarestrup & Engberg 2001; The Campylobacter Sentinel Surveillance Scheme Collaborators 2002; 

Rahimi and Ameri 2011). This could have a potentially serious impact on human health as 

antimicrobials are used to decrease the morbidity and mortality associated with serious and life-

threatening infections. Resistance to antimicrobials decreases the effectiveness of the drugs and 

results in human health being compromised (Collignon et al. 2009).  

 

In recent years, campylobacters have developed resistance to antibiotics, particularly 

fluoroquinolones and macrolide antibiotics globally (Moore et al. 2006; Rahimi and Ameri 2011). 

A study in the UK has shown that 55% of campylobacteriosis cases acquired abroad were resistant 

to ciprofloxacin compared to 10% of locally acquired infections that were resistant to the antibiotic 

(The Campylobacter Sentinel Surveillance Scheme Collaborators 2002). In the period 1996-2003, a 

decreased rate of ciprofloxacin resistance was reported in C. jejuni isolated from chicken meat in 

Denmark (Andersen et al. 2006). In South Africa, ciprofloxacin resistance in clinical C. jejuni 

isolates increased from 1.4% to 31.0% in a 14 year period between 1998 and 2011 (Bester et al. 

2011). In the present study, C. coli and C. jejuni of free range chicken origin showed 85% and 64% 

resistance to ciprofloxacin respectively (Figure 5.1). The same isolates showed a low level of 

resistance to nalidixic acid (quinolone antibiotic), with 18% and 4% respectively. C. coli and C. 

jejuni isolates of commercial farming origin showed a 25% and 79% level of resistance to 

ciprofloxacin and both species showing 100% resistance to nalidixic acid.  

 

The use of tetracyclines for therapeutic use in humans with campylobacteriosis has decreased in 

recent years (Andersen et al. 2006; Gibreel and Taylor 2006; Moore et al. 2006) and is used as an 

alternative choice of treatment to macrolides and fluoroquinolones. However, tetracycline resistant 
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campylobacters were prevalent in poultry in the KwaZulu Natal province of SA at a rate of 98% 

while tetracycline resistance in clinical C. jejuni isolates increased from 14.2% to 78.0% from 1998 

to 2011 (Bester et al. 2011). The present study showed that 39% and 11% of C. coli and C. jejuni 

isolates from free range chicken were resistant to tetracycline respectively while 50% and 86% of 

the respective isolates of commercial farming origin were tetracycline resistant (Figure 5.1).  

 

Macrolide antibiotics such as erythromycin are considered as the first drug of choice for the 

treatment of human campylobacteriosis cases. However, a significant increase in resistance to 

macrolides among campylobacters have been reported since the 1990s (Andersen et al. 2006; 

Gibreel and Taylor 2006; Collignon et al. 2009; Luangtongkum et al. 2009) while some studies 

report 0% resistance to erythromycin (Avrain et al. 2003; Wieczorek et al. 2012). The resistance of 

clinical C. jejuni isolates to erythromycin has increased from 3.4% to 7.2% from 1998-2011 in 

South Africa (Bester et al. 2011). The present study shows that 61% and 50% of C. coli and C. 

jejuni isolates of free range chicken origin are resistant to erythromycin respectively while 100% 

and 97% of the respective isolates of commercial chicken origin was resistant to the drug (Figure 

5.2).  

 

Many of the isolates showed resistance to two or more antibiotics, confirming that there is an 

increase in the emergence of multi-drug resistant Campylobacter (Moore et al. 2006; Bester et al. 

2011; Rahimi and Ameri 2011). This is also in agreement with studies done in Poland by 

Wieczorek et al. (2012) where 60.9% of 321 Campylobacter isolates from poultry were resistant to 

two or more while one strain showed resistance to four different classes of antibiotics. 

 

Cephalothin is an antibiotic that is used for the identification of Campylobacter species only. All C. 

coli and C. jejuni strains are resistant to this antibiotic (Lastovica and Skirrow 2000; Lastovica 

2006) and therefore the analysis of the antibiogram results for this antibiotic was not discussed in 
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detail. The reference strain, C. jejuni GSH 5953887, was used to monitor the performance of the 

technique used. The reproducibility of the antibiotic susceptibility disk diffusion technique was 

determined in triplicate. The zone diameters for all antibiotics in triplicate corresponded well and 

therefore the method was shown to be reproducible.  

 

Tetracycline (10 µg) was used for the antibiotic susceptibility testing of the free range isolates. This 

concentration used was an oversight as when initial contact was made with the NHLS, this 

information was erroneously captured. The correct concentration that should have been used was 30 

µg. This error was only communicated at the end of the study and therefore the antibiotic 

susceptibility tests could not be repeated. The interpretation of the results was still done according 

to the guidelines of the NHLS.  

 

The results obtained from the usage of 5µg ciprofloxacin in the antibiotic susceptibility testing of 

commercial isolates could not, in principle, be interpreted according the diameter zone guidelines 

set forth by the NHLS. However, it is important to note that absolute resistance was obtained and 

no visual zone of inhibition was obtained for those isolates shown to be resistant to ciprofloxacin.  

 

The high levels of resistance obtained in this study is indicative that high levels of antibiotics are 

still being used in the South African poultry farming industry whether as therapeutic agents or as 

AGPs. This poses a serious risk for those persons who will acquire an infection from contaminated 

chicken meat (Collignon et al. 2009). The antibiotics erythromycin, tetracycline and ciprofloxacin 

will not be an effective remedy in the treatment of human campylobacteriosis cases and other 

alternative antibiotics such as gentamicin could be used therapeutically (Aarestrup and Engberg 

2001; Wieczorek et al. 2012).  
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5.6 CONCLUSION 

The high prevalence of resistance to ciprofloxacin, nalidixic acid, tetracycline and erythromycin, 

the antibiotics used in the therapeutic treatment of humans that have acquired serious cases of 

campylobacteriosis, is indicative that antibiotics are still used in the South African poultry industry. 

The antibiotic resistant trends suggest that exposure of bacteria to antibiotics increases its resistance 

to those specific drugs. Resistance could be acquired by the transfer of antibiotic resistance genes in 

the environment as well as the transfer of resistance genes within the gut of the bird.  

 

Alternative treatment methods to prevent infection of the chicken should be further explored as a 

means of eradication of the rise of antibiotic resistant bacteria. Methods such as bacteriophage 

treatment, usage of bacteriocins and competitive exclusion prove to be promising methods for the 

treatment of infections. The former method has already been shown to reduce Campylobacter levels 

immediately but the mechanism of the competitive exclusion strategy has not been determined and 

therefore this approach has not yet been successful in the treatment of Campylobacter infection.  

 

After years of research, there are still no effective, reliable and practical control measures in place 

to reduce or to completely prevent Campylobacter colonisation and therefore it is imperative that 

the transmission of infection from animals, animal products and the environment to humans must 

be prevented. 
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Chapter 6 – DNA fingerprinting analysis of Campylobacter species 

using Amplified Fragment Length Polymorphism 

 

6.1 ABSTRACT 

Campylobacter species and particularly the thermotolerant C. coli and C. jejuni strains are the 

causative agents of the world‟s leading foodborne infection, campylobacteriosis. Cases of 

campylobacteriosis mainly occur sporadically while outbreaks have been reported. The current 

phenotypic methods for characterization of isolates are unreliable as they do not have a high degree 

of discriminatory power while some strains are untypeable. Therefore, genetic-based typing 

techniques have been designed as a more reliable tool with a greater discriminatory power between 

strains. The AFLP technique has been shown to have the greatest discriminatory power when 

compared to other leading DNA typing techniques and it was applied to determine the genetic and 

epidemiological relatedness between C. coli and C. jejuni strains isolated from free range and 

commercial chicken farms in the Western Cape province. A genetic similarity of 90% or more was 

observed for five phenons of C. jejuni strains from different farms and even between free range and 

commercial farms. All C. coli and C. jejuni strains displayed high genetic diversity indicating that 

there were various sources of Campylobacter infections of the chickens, even within the same farm. 

A few strains isolated from chicken bred on different farms were found to be identical and this 

indicates that a source common to both farms such as the feed or the hatchery could be implicated 

as the source of a diversity of Campylobacter strains. Clinical C. jejuni strains and C. coli strains 

from chicken generated completely different AFLP fingerprints to that of the C. jejuni strains of 

chicken origin and were clustered accordingly. The genetic fingerprints showed that four of the 

seven strains initially characterized biochemically as C. coli was clustered as C. jejuni. The results 

indicate that the relatedness between strains at both the genetic and epidemiological levels can be 

evaluated using AFLP analysis and subsequent computerized data analysis. Further AFLP analysis 

of a larger selection of clinical Campylobacter strains and more strains from within and from 
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different chicken farms in the Western Cape region and possibly from South Africa (SA) should be 

done in order to determine whether chicken can be implicated as the main source of human 

campylobacteriosis cases in SA. The AFLP tool exhibits high discriminatory power and promises to 

enable the tracking of the source and typing of Campylobacter infections. 
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6.2 INTRODUCTION 

Campylobacter species are regarded as the most common agent of bacterial gastroenteritis 

worldwide (Kokotovic and On 1999; Lindstedt et al. 2000; Messens et al. 2009). These bacteria 

naturally occur in food animals, household pets and from environmental sources (Kokotovic and 

On 1999). The identification and subtyping of campylobacters are however considered to be 

problematic since traditional phenotypic methods have inadequate differential powers and a high 

proportion of strains are untypeable (Duim et al. 1999; Kokotovic and On 1999; Lindstedt et al. 

2000; On and Harrington 2000). Epidemiological studies are further complicated by the sporadic 

nature of campylobacteriosis cases (Kokotovic and On 1999). Additional methods are therefore 

needed to correctly identify the source of Campylobacter infections and phylogenetic studies. The 

genomic „fingerprint‟ of a Campylobacter strain has the ability to distinguish different strains from 

one another and to trace the source and routes of cases and/or outbreaks (Newell et al. 2000; 

Humphrey et al. 2007). DNA typing methods have gained popularity in recent years yet it has been 

difficult to combine speed and simplicity with high discriminatory power and reproducibility 

(Kokotovic and On 1999; Lindstedt et al. 2000).  

 

Amplified Fragment Length Polymorphism (AFLP) is a high resolution genotyping method that 

was originally developed by Keygene BV, Wageningen, The Netherlands, for the genotyping of 

plants and to a lesser extent, animals (Vos et al. 1995; Savelkoul et al. 1999; Meudt and Clarke 

2007). It has also been adapted for the genotyping of bacteria (Duim et al. 1999; Kokotovic and On 

1999; Duim et al. 2000; Duim and Savelkoul 2003). The technique cannot be used for the 

identification of the genus or family to which a specific bacterium belongs but can be used for the 

typing of species, subspecies and strains (Savelkoul et al. 1999). The powerful advantage of the 

AFLP technique is that it requires no prior knowledge of the target organism‟s genomic sequence 

(Vos et al. 1995; Savelkoul et al. 1999; Duim et al. 2000; Messens et al. 2009).  
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AFLP  analysis requires a small amount of genomic DNA which is digested with two restriction 

enzymes; a rare cutter enzyme which cleaves a six bp recognition site and will cut on average, at 

every 4096 bp in the genome and a frequent cutter enzyme which cleaves a four bp recognition site 

and will have an average cutting frequency once every 256 bp (Vos et al. 1995). Several enzyme 

combinations have been used since the original publication by Vos et al. (1995) (Savelkoul et al. 

1999), and the combination of HindIII and HhaI have been found to cleave Campylobacter DNA 

optimally (B. Duim, personal communication). Double stranded adaptors are ligated to the 

restriction fragments generated. The adaptors are designed in such a way that the initial restriction 

site is not restored after ligation which allows for simultaneous restriction and ligation. This creates 

a DNA template for the PCR amplification by adaptor-specific primers containing one or more 

selective nucleotides, ensuring that only a subset of fragments will be amplified under stringent 

PCR conditions. An extension of one selective nucleotide amplifies one of four of the ligated 

fragments whereas the incorporation of three selective nucleotides will amplify one in 4096 of the 

ligated fragments (Vos et al. 1995; Duim et al. 1999; Savelkoul et al. 1999; On and Harrington 

2000; Messens et al. 2009). The selective primer which spans the average-frequency restriction site 

is fluorescently labelled. The generated fragments are detected by this fluorescently labelled primer 

and analyzed on gel or capillary based automated DNA sequencers (Duim et al. 2001; Messens et 

al. 2009). The AFLP technique is rapid and easily standardized and has become feasible due to the 

increasing availability of automated DNA sequencers. However, this equipment is expensive but 

the digitization of AFLP results allows accurate interpretation, ease of data storage and ready data 

exchange between laboratories (Newell et al. 2000).  

The aim of this study was to discriminate and determine the relatedness between C. coli and C. 

jejuni strains from different farming regions in the Western Cape, South Africa and from different 

farm types, i.e. from free range and commercial chicken farms using the AFLP technique.  
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6.3 MATERIALS AND METHODS 

6.3.1 Bacterial strains and culture conditions 

Campylobacter species (n = 20) were obtained from a separate study that aimed to determine the 

prevalence of Campylobacter in South African free range and commercial chicken. AFLP analysis 

was performed on these strains of which seven were C. coli strains and 13 were C. jejuni strains. 

Clinical C. jejuni isolates (n = 2) were used as a comparison to the Campylobacter isolates from the 

chicken. The chicken isolates were randomly selected for AFLP analysis; seven isolates were of 

free range chicken origin and 13 were of commercial chicken origin.  

 

Tryptose Blood Agar Base (Oxoid, Basingstoke, UK) supplemented with 10% unlysed citrated horse 

blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA plates) was used for the 

routine isolation and subculturing of Campylobacter species,  unless otherwise stated. The detailed 

preparation procedure of the growth media plates are described in Appendix A. Excess moisture was 

removed from the plates prior to use by drying the plates for one hour in a class two biohazardous 

Bio-Flow laminar flow cabinet (Labotec, South Africa). All incubations were carried out at 37°C in a 

carbon dioxide (CO2) incubator (Nu-Aire, Lasec, South Africa) with a 5% CO2 flow for 48 h, ± 4 h, 

unless otherwise stated. Campylobacter isolates were aseptically stored at -80°C in Microbank
™

 

beads (Pro-lab Diagnostics, USA).  

 

 

6.3.2 Isolation of bacterial genomic DNA 

The detailed preparation of all buffers and chemicals used in the extraction of the genomic DNA is 

listed in Appendix B. All mixing by use of the vortex was done at the highest setting for 15 s. All 

centrifugation steps were done at 15 000 × g for 5 min using a Spectrafuge (Labnet, USA).  
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The genomic DNA of the isolates was extracted using an adaptation of the miniprep of bacterial 

genomic DNA protocol (Wilson 1994). The bacterial isolates were sub-cultured on a fresh TBA 

plate and incubated for 48 h in a microaerobic atmosphere. The resulting bacterial growth (10-20 

µl) was removed from the plate using a sterile 10 µl plastic loop (LP Italian Spa, Italy) and 

completely resuspended in 567 µl Tris-EDTA (TE) buffer by repeated pipetting. Thereafter, 30 µl 

of 10% sodium dodecyl sulfate (SDS) (Merck, South Africa) and 3 µl of 20 mg.ml
-1

 proteinase K 

(Roche Diagnostics, South Africa) to give a final concentration of 100 µg.ml
-1

 proteinase K in 0.5% 

SDS added. The mixture was thoroughly mixed by vortexing and placed in a Scientific Series 9000 

incubator (Lasec, South Africa) at 37°C for 1 h or overnight (~16 h). Thereafter, 100 µl of 5 M 

NaCl (Merck, South Africa) was added to give a final concentration of 0.7 M and mixed thoroughly 

by vortexing. The CTAB/NaCl solution (80 µl) (preheated in a water bath (Memmert, Lasec, South 

Africa) at 65°C for 15 – 30 min) was added and thoroughly mixed by vortexing and incubated in a 

water bath at 65°C for 10 min.  

 

An approximate equal volume (700 µl to 800 µl) of 24:1 chloroform:isoamyl alcohol (Merck, South 

Africa) was subsequently added, mixed thoroughly by vortexing and then centrifuged. The aqueous 

viscous supernatant was transferred to a fresh microcentrifuge tube and an equal volume of 25:24:1 

phenol:chloroform:isoamyl alcohol (Merck, South Africa) was added. The mixture was vortexed 

and then centrifuged. The resulting supernatant was transferred to a fresh microcentrifuge tube and 

0.6 volume (of the volume transferred) isopropanol (Merck, South Africa) was added to precipitate 

the nucleic acids. The microcentrifuge tubes were shaken back and forth until the stringy white 

DNA precipitate became visible and then centrifuged. The liquid mixture in the tube was carefully 

poured off. The DNA was then washed with 200 µl 70% ice cold ethanol (Kimix, South Africa) and 

subsequently centrifuged. The ethanol was then carefully poured off and the DNA pellet was air-

dried by placing it in a class two Bio-Flow laminar flow for 1 h or until all residual ethanol had 

evaporated. The pellet was dissolved in 100 µl TE buffer in a refrigerator overnight. 
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 The concentration of the DNA (ng.µl
-1

) was determined using the NanoDrop
®
 ND-1000 (Thermo 

Scientific, USA) and all DNA samples were diluted to ~50 ng.µl
-1

 with TE buffer for use in the 

AFLP protocol. 

 

6.3.3 AFLP analysis 

AFLP analysis were performed on the Campylobacter species (n = 22) according to adaptations of 

the AFLP microbial fingerprinting method of Perkin-Elmer (PE) Applied Biosystems (Duim et al. 

1999), and the fluorescent AFLP (F-AFLP) genotyping technique of Messens et al. (2009). Briefly, 

500 ng of genomic DNA was simultaneously digested in a 30 µl reaction volume, according to 

manufacturers instructions, with one microlitre FastDigest HindIII (Thermo Scientific, USA) and 

one microlitre FastDigest HhaI (Thermo Scientific, USA) in the presence of two microlitres of 10 × 

FastDigest Buffer (Thermo Scientific, USA). The suspension was mixed gently, briefly spun down 

and then incubated in a water bath set at 37°C for 10 min. Subsequent inactivation of the enzymes 

was not required and five microlitres of the restriction digestion products were electrophoresed in a 

1.5% Tris-Acetic Acid-EDTA (TAE) - agarose gel (Lonza, Whitehead Scientific, South Africa) at 

4V.cm
-1

 for 3 to 4 h to check that the desired size products were obtained. The desired smear of 

product in the 100 – 1500 bp region should clearly be visible (results not shown).  

 

Double stranded oligonucleotide adaptors designed by Duim and Savelkoul (2003) were 

synthesized by Inqaba Biotech (South Africa). The sequences of the adaptors are listed in Table 6.1. 

The adaptors were synthesized as single stranded oligonucleotides and annealing of the adaptors 

were therefore required prior to the ligation step. The adaptors were annealed by combining equal 

volumes of the forward and reverse strands of Adaptor HhaI and Adaptor HindIII in a 

microcentrifuge tube and heating it for 5 min at 100°C in a water bath. The adaptors were then 

allowed to slowly cool to room temperature by leaving it on the work bench for 10 min. The 
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ligation step was performed in a 50 µl reaction volume by adding five microlitres of 10 × T4 DNA 

Ligase Buffer (Thermo Scientific, USA), five microlitres of 50% PEG 4000 solution (Thermo 

Scientific, USA), 0.5 µl of 20 µM Adaptor HhaI and 0.5 µl of 2 µM of Adaptor HindIII and 2 U of 

T4 DNA Ligase, to the microcentrifuge tube containing the remaining 25 µl restriction digestion 

product. The suspension was mixed thoroughly, briefly spun down and incubated in a water bath at 

22°C for 1 h. The enzyme was subsequently heat inactivated by incubating the mixture at 65°C for 

10 min. The ligation products were diluted two-fold. 

 

Table 6.1 Sequences of adaptors used to ligate to the restriction fragments generated (adapted from 

Duim and Savelkoul 2003) 

Adaptor Forward strand Reverse strand 

HhaI  5‟-GACGATGAGTCCTGATCG-3‟ 5‟-ATCAGGACTCATCG-3‟ 

HindIII 5‟-CTCGTAGACTGCGTACC-3‟ 5‟-AGCTGGTACGCAGTC-3‟ 

 

The pre-selective PCR was performed in 25 µl reaction volumes containing 2.5 µl of 10 × PCR 

Buffer (Bioline, UK), 1.25 µl of 50 mM MgCl2 (Bioline, UK), 0.5 µl of 10 mM dNTPs 

(KapaBiosystems, South Africa), 1.25 U BioTaq (Bioline, UK), 2.2 µl of 0.1 µM pre-selective 

adaptor-specific HhaI primer (IDT, Whitehead Scientific, South Africa), 2.2 µl of 0.44 µM pre-

selective adaptor-specific HindIII primer (IDT, Whitehead Scientific, South Africa) and 5 µl of the 

ligation product that was used as the DNA template. Amplification was performed in a GeneAmp 

PCR System 2700 thermocycler (Applied Biosystems, Life Technologies, USA) using an initial 

denaturation step at 94°C for 2 min, followed by 25 cycles consisting of denaturation at 94°C for 20 

s, annealing at 56°C for 30 s and extension at 72°C for 2 min. The primers used were designed by 

Duim and Savelkoul (2003) and the sequences thereof are listed in Table 6.2.  

 

The selective PCRs were carried out in 20 µl reaction volumes containing 2 µl of 10 × PCR Buffer, 

1 µl of 50 mM MgCl2, 0.4 µl of 10 mM dNTPs, 1.25 U BioTaq, 3 µl of 0.15 µM selective adaptor-
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specific HhaI primer (IDT, Whitehead Scientific, South Africa), 3 µl of 0.75 µM FAM-labelled 

selective adaptor-specific HindIII primer (IDT, Whitehead Scientific, South Africa) and 3 µl of the 

undiluted pre-selective PCR product that was used as the DNA template. Amplification was 

performed in a GeneAmp PCR System 2700 thermocycler using an initial denaturation step at 94°C 

for 2 min, followed by 20 cycles consisting of denaturation at 94°C for 20 s, annealing at 66°C for 

45s, extension at 72°C for 2 min and a final extension at 72°C for 10 min. The primers used were 

designed by Duim and Savelkoul (2003) and the sequences thereof are listed in Table 6.2. 

 

Table 6.2 Sequences of the primers used in both the pre-selective and selective PCR amplification 

of the AFLP technique (adapted from Duim and Savelkoul 2003) 

Primer  Pre-selective PCR Selective PCR 

HhaI primer  5‟-GATGAGTCCTGATCGC-3‟ 5‟-GATGAGTCCTGATCGCA-3‟ 

HindIII primer 5‟-GACTGCGTACCAGCTT-3‟ 5‟-56-FAM-GACTGCGTACCAGCTTA-3‟ 

 

The selective PCR products were diluted 1:1(vol/vol) in TE buffer (Appendix B) and 1 µl of the 

diluted product was mixed with 2 µl of a loading buffer mix containing 1.25 µl deionized 

formamide, 0.25 µl blue dextran/50mM EDTA loading solution and 0.5 µl of GeneScan-500 

(ROX) (GS-500 (ROX)) internal lane size standard in a 0.2 ml microcentrifuge tube. The tubes 

were heated in the thermocycler at 95°C for 3 min to denature the DNA and immediately removed 

and snap-cooled on ice to prevent re-annealing of DNA strands until loaded. The sample (2 µl) was 

loaded onto a 5% denaturing Long Ranger gel using 1 × Tris-Borate-EDTA (TBE) (Appendix B) 

running buffer. The electrophoresis conditions were 2500 V for 4 h.  

 

Data generated during electrophoresis were collected by GeneScan software (Applied Biosystems, 

Life Technologies, USA). At the completion the electrophoresis, the gel lanes were tracked and 

extracted using the Gel Processor (Applied Biosystems, Life Technologies, USA) and GeneScan 

software and the densitometric curves generated were imported into the GelCompar II version 5.1 
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software (Applied Maths, Belgium). Gel lanes were normalized by use of the reference positions of 

the GS-500 (ROX) internal lane size standards.  

 

DNA fragments ranging in size from 50 to 500 bp were used for comparison. The AFLP curves 

were calculated with the Pearson product-moment correlation co-efficient of similarity. Cluster 

analysis was subsequently carried out by the UPGMA clustering method (Duim et al. 1999; Duim 

et al. 2000; Duim et al; 2001; Duim and Savelkoul 2003).  

 

 

6.4 RESULTS 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.1 Dendrogram derived from AFLP patterns of 22 Campylobacter species of free range and 

commercial chicken origin 
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6.5 DISCUSSION 

The Campylobacter strains (n = 22) used in this study were randomly selected from a pool of 

isolates obtained from a separate study in which Campylobacter was isolated from free range and 

commercial chicken and identified and subtyped using biochemical tests (Chapter 3). The aim of 

applying the AFLP technique to the selected strains was to determine the relatedness between the 

strains that were isolated from chicken bred in different regions of the Western Cape based on its 

genetic composition.  

 

After polyacrylamide gel electrophoresis, a pattern of 20-200 bands were obtained for the isolates 

(Figure 6.1). Initially, according to the biotyping results obtained from the separate study (Chapter 

3), it showed that 7 C. coli strains were included in this study for AFLP analysis. However, the high 

discriminatory power of the AFLP technique showed that four of the isolates believed to have been 

C. coli, were indeed C. jejuni. This is further testimony that phenotypic subtyping of 

Campylobacter is not a reliable tool and that the AFLP technique provides higher discriminatory 

power for the subtyping of strains. This reclassification of strains brings the total number of C. 

jejuni isolates analysed by the AFLP technique to 17. The C. coli isolates are represented in cluster 

E of the dendrogram (Figure 6.1). 

 

Five genotypes were obtained after UPGMA cluster analysis (clusters A-E) (Figure 6.1). The scale 

represents percentages of similarity as determined with the Pearson coefficient. The cut-off for 

similarity was set to 90% and therefore isolates that shared a similarity percentage of 90% or more 

were considered to be identical (Duim et al. 2001; Zweifel et al. 2008; Messens et al. 2009). 

Groups of isolates sharing a similarity of 90% and more were grouped to form a phenon (Olive and 

Bean 1999; Zweifel et al. 2008). Isolate reference numbers are included on the far right of Figure 

6.1.  
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Cluster C contains the two clinical C. jejuni isolates that were included in the study to determine the 

differences in the genetic make-up of clinical C. jejuni strains in comparison to C. jejuni strains 

from chicken origin. The two clinical strains are clustered together; however they share a genetic 

similarity of < 60%. The C. jejuni strain 216.09 BC was a blood culture isolated from a hospitalized 

patient (Groote Schuur Hospital) in 2009, while the C. jejuni strain 5953887 was isolated from the 

stools of a hospitalized patient (Groote Schuur Hospital) in 2012. This could account for the two 

strains not being related (80% or more). These clinical strains share less than 45% similarity with 

C. jejuni strains of chicken origin. This implies that the source of the clinical C. jejuni isolates 

cannot be linked to any of the C. jejuni strains of chicken origin and that the hospitalized patients 

did not acquire their infection(s) from the chicken(s) of which the C. jejuni strains were isolated.   

 

Cluster A (Figure 6.1) is comprised of C. jejuni strains of both commercial (S3CPT, CF6ISO, 

S1CPT, CF6CPT) and free range (L34ISO and L39ISO) origin. The C. jejuni strains S3CPT and 

CF6ISO share a ~91% similarity and are therefore considered to be identical. These two strains 

originate from chicken bred on two different commercial farms in the Stellenbosch area of the 

Western Cape province of South Africa. These two farms supply the same distributor of retail 

chicken in the Western Cape. A common source that is supplied to both the farms such as the feed 

or the hatchery could be implicated as the original source of the Campylobacter infection. The C. 

jejuni strains S1CPT and CF6CPT displays similarity (~87% and ~84% respectively) to the S3CPT 

and CF6ISO phenon. Strain CF6CPT was characterized as C. jejuni subsp. jejuni biotype 2 using 

the biochemical characterization scheme. A distinct banding pattern is obtained for this strain from 

other C. jejuni strains of which most were characterized as C. jejuni subp. jejuni biotype 1. CF6ISO 

and CF6CPT were isolated from the same chicken leg (Chapter 3) from a batch of one farm while 

S3CPT and S1CPT were from the same batch of samples of another farm. It can therefore be 

deduced that the original source(s) of contamination or the farm environment(s) are abundant with 

different strains of Campylobacter. However, it should be noted that the chickens on these farms 
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are kept in cages as it is commercial farms. Therefore the Campylobacter strains are introduced to 

the chicken through sources such as the workers entering the chicken houses or the drinking water 

and feed brought into the chicken house (Humphrey et al. 2007; Horrocks et al. 2009). 

 

 The free range C. jejuni strain, L34ISO shows 82% similarity to the commercial C. jejuni strain 

CF6CPT and the strain L39ISO displays a 75% similarity to L34ISO. This difference in the 

somewhat similar free range C. jejuni strains suggest that the free range farm environment is most 

likely to also be abundant in different strains of Campylobacter as campylobacters are considered to 

be ubiquitous in the environment (Allos and Lastovica 2011).  

 

The second genotype in the dendrogram (cluster B) (Figure 6.1) contains two phenons; the C. jejuni 

strains R2CPT and T1CPT which share a 95% similarity and the C. jejuni strains R9CPT and 

T3CPT which share a similarity of 90%. The two former strains are identical to each other while 

the two latter strains are identical to each other. R2CPT and T1CPT are from different farms while 

R9CPT is from the same farm as R2CPT and T3CPT is from the same farm as T1CPT. Therefore, it 

could also be concluded that a common source supplied to the two farms are the original source of 

Campylobacter infection. This cluster also comprises of the C. jejuni strains of free range chicken 

origin (L6CPT, L1CPT). This could also imply that a vehicle of transmission exists in the 

environment such as flies or wild birds (Zweifel et al. 2008) as the location that these strains 

originate from are in different regions of the Western Cape. Further investigation and analysis of 

the sources of the chicken feed or the chick supplier is required. CF8CPT is similar (85%) to the 

R9CPT and T3CPT phenon while CF12CPT is ~72% similar to clusters B1 and B2. CF8CPT and 

CF12CPT are from the same batch of chicken samples as the CF6ISO and CF6CPT strains and are 

from the same farm. The heterogeneity between the isolates indicates that there are multiple sources 

of Campylobacter infection on the farm.  
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The C. jejuni strains NS6ISO, FOU113NS and NS25ISO are of free range chicken origin and have 

all originated from the same free range farm. They are grouped together in cluster D of the 

dendrogram (Figure 6.1). The strains FOU113NS and NS25ISO are grouped in a phenon and has a 

~96% degree of similarity. These strains were isolated 6 months apart; strain FOU113NS was 

isolated in cooler month of May 2011 while the NS25ISO strain was isolated in the warmer month 

of November 2011. This could represent a strain that is dominant or persistent on the farm. Strain 

NS6ISO is ~91% similar to the phenon described above. NS6ISO and NS25ISO were isolated from 

different batches of chicken samples almost two months apart. This too, could represent a dominant 

strain in the environment as a similarity of 90% or more is considered to be identical strains.  

 

The strains CF10ISO, CF9ISO and S5CPT are C. coli isolates of commercial chicken farming 

origin. These strains are grouped together in cluster E (Figure 6.1). The C. coli strains show a 

greater degree of heterogeneity to each other as CF10ISO and CF9ISO, of one batch of samples, 

have a ~68% genetic similarity. C. coli S5CPT was isolated from a different batch of chicken 

samples and has a ~43% similarity to the CF10ISO and CF9ISO strains.  

 

 The AFLP fingerprints of the 22 strains included in the study were vastly heterogeneous. The main 

reasons for the heterogeneity of the fingerprints obtained amongst the strains is due to the mutations 

in the restriction sites as well as in sequences adjacent to the restriction sites as well as insertions 

and deletions within the amplified fragments (Savelkoul et al. 1999). Several studies have 

identified a high genetic diversity amongst both human and animal C. jejuni strains (Aeschbacher 

and Piffaretti 1989; Duim et al. 2000). The heterogeneity of the C. jejuni strains in this study could 

be a reflection of this normal genetic diversity. Inconsistency in the PCR could account for the 

minor differences obtained in the AFLP fingerprints of genetically identical (90% or more 

similarity) strains.  
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6.6 CONCLUSION 

The AFLP technique applied in this study indicates that it is a powerful and reliable method for 

demonstrating whole genome polymorphisms among strains of C. jejuni and C. coli from chickens 

in the Western Cape, South Africa. It was clearly indicated that strains that cluster at and above 

90% similarity can be considered to be genetically or epidemiologically related while similarity of 

80% or more could still be significant for identifying epidemiologically related strains. The strains 

of free range chicken origin were found to be more heterogeneous than those of commercial 

chicken farming origin. Overall, the fingerprint data obtained had indicated that all the strains had 

shown a high genetic diversity. No similarity was found between the genotypes of the strains from 

chicken and those of human infections. The high discriminatory power of the technique has the 

ability to track the source of Campylobacter infections. Future studies on the genetic diversity of 

campylobacters should include a larger number of clinical strains as well as more strains isolated 

within and between the supplier farms. This could lead to a better conclusion as to which strains 

contribute to the disease burden in the Western Cape or on a larger scale, in South Africa.  
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Chapter 7 – Conclusion 

Campylobacter is the leading bacterial agent of human gastroenteritis and is responsible for 400 to 

500 million reported cases globally. The illness is usually self-limiting but individuals with a high 

risk profile such as young children, the elderly and immunocompromised individuals often 

experience extra-intestinal infections such as meningitis and endocarditis or post-infection 

complications such as Guillain-Barré Syndrome and Reactive Arthritis.  

 

Chicken is considered as the main reservoir of Campylobacter species and is reported to be 

prevalent in 35% to 85% of poultry flocks globally. These figures suggest that chicken can be 

considered as the main vehicle of transmission of campylobacteriosis to humans. The sporadic 

nature of the illness suggest that the majority of campylobacteriosis cases originate from the 

domestic kitchen where raw chicken is mishandled and working surfaces and ready-to-eat (RTE) 

foods become cross-contaminated with campylobacters. The present study surveying the prevalence 

of Campylobacter in South African chicken showed that 27% of retail chicken (n = 84) and 73% of 

chicken sampled directly from the abattoir (n = 182) but also intended for human consumption are 

contaminated with Campylobacter species. Furthermore, 79% of free range chicken (n = 118) and 

56% of commercial chicken (n = 64) were contaminated with Campylobacter. The Cape Town 

protocol was optimized by including the enrichment broth used in the ISO10272-1:2006 method for 

the recovery of and enrichment of damaged or stressed Campylobacter cells from food samples. 

Therefore, the growth of emerging Campylobacter species that may have been present were not 

recovered as Bolton broth suppresses the growth of these campylobacters. The total number of 

Campylobacter species isolated in this study was 156 of which 102 isolates were C. jejuni and 51 

were C. coli. The speciation of 3 Campylobacter isolates could not be determined. There was no 

major difference (3%) between the two isolation techniques but results obtained using the Cape 

Town Protocol was in less time (48 h) than the ISO10272-1:2006 method.  
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The survival of four randomly selected strains in chicken meat at refrigeration and freezer 

temperatures was determined. The study was designed to simulate refrigeration and freezing of 

chicken in the domestic kitchen. All the strains in duplicate were able to survive the eight day 

period at refrigeration temperature. The survival of the strains at freezer temperatures was more 

variable. The freezing of the artificially contaminated chicken showed no immediate decline upon 

visual examination as was the case in several other similar studies across the world. A 

Campylobacter strain of free range chicken origin, C. jejuni subsp. jejuni biotype 1 NS24a, lost its 

culturability on the eighth day of the survival period. The rest of the strains were of commercial 

chicken origin. C. coli CF10a survived for 25 days while C. coli CF9a and C. jejuni S1b were able 

to survive the 30 day sampling period and still maintained its viability after the 30 day period. A 

decline in number for the survival period was noted upon visual examination at each sampling time. 

These results indicate that extra caution should be taken when handling fresh raw chicken that is 

stored in the refrigerator and freezer, although the risk associated with frozen chicken declines over 

time.  

 

The antibiotic susceptibility patterns of a selection of the isolates (n = 122) were performed. 

Susceptibility to the antibiotics nalidixic acid, tetracycline, erythromycin and ciprofloxacin were 

tested using the disk diffusion method and results interpreted using the NHLS guidelines. The 

percentages of resistant C. coli strains (n = 33) of free range chicken were 18, 39, 61 and 85% 

respectively while C. jejuni strains (n = 56) isolated from free range chicken were resistant to the 

above-mentioned antibiotics by 4, 11, 50 and 64% respectively. C. coli isolates (n = 4) of 

commercial chicken origin were 100, 50, 100 and 25% resistant to the antibiotics respectively while 

C. jejuni strains (n = 29) showed 100, 86, 97 and 79% resistance to the antibiotics respectively. The 

resistance to the respective antibiotics are very high and indicates that humans with severe 

campylobacteriosis cases requiring antibiotic therapy will not respond to the antibiotics when it is 

administered.  
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The genetic relatedness of a selection of isolates (n = 22) were determined using the AFLP 

technique. A genetic similarity of 90% or more was observed for five phenons of C. jejuni strains 

from different farms and even between free range and commercial farms. All C. coli and C. jejuni 

strains displayed a high genetic diversity with heterogeneous AFLP fingerprints, indicating that 

there were various sources of Campylobacter infections of the chickens, even within the same farm. 

A few strains isolated from chicken bred on different farms were found to be identical and this 

indicates that a source common to both farms such as the feed or the hatchery could be implicated 

as the source of a diversity of Campylobacter strains. The AFLP technique is also useful for the 

subtyping of bacteria and four strains incorrectly characterized as C. coli by biochemical tests were 

genotyped as C. jejuni strains with the high discriminatory power of the AFLP technique.  

 

This study has shown that Campylobacter species is prevalent in South African chicken and the 

environment at high rates. This poses a high risk of acquiring campylobacteriosis to South Africans 

as undercooked chicken as well as other foods cross-contaminated with Campylobacter is likely to 

be consumed. The South African population therefore need to be informed of the serious risks 

associated with the consumption of undercooked or mishandled chicken and need to use good 

hygienic practises to reduce or eliminate the risk of acquiring the illness.  
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Appendix A 

 

1. Luria Bertani (LB) broth (150ml) 

1.5 g Tryptone Powder (Pancreatic Digest of Casein) 

0.75 g Yeast Extract 

0.75 g NaCI (58.44 g/mol) 

Weigh out each constituent and add to a clean 250ml Schott bottle. Add 150ml distilled water Mix 

by shaking. Autoclave. 

 

2. Tryptose Blood Agar 

Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 

required volume. Shake to dissolve. Autoclave. Add 10% unlysed horse blood and prepare plates.  

 

3. Columbia Blood Agar 

Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 

required volume. Boil the media to dissolve. Autoclave. Add 5% unlysed horse blood and prepare 

plates.  

 

4. Mueller Hinton Agar 

Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 

required volume. Boil the media to dissolve. Autoclave. Add 5% unlysed horse blood and prepare 

plates.  
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Appendix B 

 

1. 10X TAE Buffer (1 litre) 

48.4 g Tris 

11.4 ml Glacial acetic acid 

3.7 g EDTA 

Weigh and measure out each constituent. Dissolve in 1 litre distilled water. It is not necessary 

to have the pH of the solution done. The solution does not need to be autoclaved.  

 

2. 10X TBE Buffer (500ml) 

0.9 M Tris 

0.89 M Boric Acid 

25mM EDTA 

Weigh out each constituent and add to a clean 1litre Schott bottle. Add 500ml distilled water. 

Heat to dissolve while stirring and autoclave. 

 

3. 1X TE Buffer (500ml) 

10mM Tris – HCI 

1mM EDTA 

Weigh out each constituent and add to a clean 1litre Schott bottle. Add 500ml distilled water. 

Mix by shaking. Autoclave. 
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4. 1X PBS pH 7.2 (1 litre) 

8 g NaCI 

0.2 g KCI 

1.44 g Na2HPO4 

0.24 g KH2PO4 

Add 800ml of distilled water to a clean 1 litre Schott bottle and add the required weight of each 

constituent. Adjust the solution to pH 7.2. Adjust to the final volume of 1litre and autoclove. 

 

5. 10% Sodium dodecyl sulphate (SDS) (400ml) 

40 g SDS 

Weigh out the SDS and add to a clean 1 litre bottle. Add 400ml distilled water. Dissolve by 

placing on a hot plate with stirring. DO NOT AUTOCLOVE. 

 

 

6. 20mg/ml proteinase K 

Weigh out 20mg proteinase K and add to 1 ml PCR grade water. Filter sterilize. Store in small 

single-use aliquots at -20 
o
C. 

 

7. 5M NaCI (200ml) 

Weight out 58.44 g NaCI and add to a clean 500ml bottle. Add 200ml distilled. Dissolve by 

heating and stirring. Autoclave. 
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8. Hexadecyltrimethyl ammonium bromide (CTAB) / NaCI Solution (100ml) 

4.1 g NaCI 

10 g CTAB Dissolve the NaCI in 80ml (PCR grade) water. Slowly add the CTAB while heating 

and stirring. If necessary, heat to 65 
o
C to dissolve. Adjust to a final volume of 100ml with 

(PCR grade) water. Do not autoclave. 

 

8. 24:1 Chloroform/Isoamyl alcohol (50ml) 

Measure out 48ml chloroform and 2ml isoamyl alcohol and add each constituent to a clean 

50ml Greiner tube. Invert gently to mix. Cover with foil. 

 

9. 25:24:1 Phenol/ Chloroform / Isoamyl alcohol (50ml) 

Measure out 25ml phenol, 24ml chloroform and 1ml isoamyl alcohol and add each constituent 

to a clean 50ml Greiner tube. Invert to mix. Cover the tube with foil. 

 

10. 70% Ethanol (500ml) 

Add 150 ml distilled water to 350 ml 99.9% Ethanol. Mix by inverting 
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