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Abstract 9 

This study determined the antibiotic resistance patterns of Escherichia coli and Staphylococcus 10 

aureus from the raw meat and faeces of three game species from three different farms across 11 

South Africa. The Kirby-Bauer disk diffusion method was used according to the Clinical and 12 

Laboratory Standards Institute 2018 guidelines. E. coli was tested against ampicillin, 13 

ceftazidime, chloramphenicol, streptomycin, sulphafurazole and tetracycline. S. aureus was 14 

tested against tetracycline, erthromycin, vancomycin, penicillin, oxacillin and cefoxitin. There 15 

were no significant differences in the E. coli antibiotic resistance profiles between the meat and 16 

faecal samples (except towards ceftazidime where 5% of the meat isolates were resistant and 17 

0% of the faecal isolates). The S. aureus meat isolates showed high (75%) resistance towards 18 

penicillin and on average, 13% were resistant to oxacillin/ cefoxitin, indicating methicillin 19 

resistance. The results from this study indicate that there is incidence of antibiotic resistant 20 

bacteria from the faeces and meat of wildlife species across South Africa, suggesting that cross 21 

contamination of the meat occurred during slaughter by antibiotic resistant bacteria from the 22 

abattoir personnel or equipment and or from carcass faecal matter. In addition, the results 23 

highlight the importance of food safety and hygiene procedures during slaughter to prevent 24 

cross-contamination of antibiotic resistant bacteria, as well as pathogens, onto raw meat.  25 

Keywords 26 

Antimicrobial resistance; game; bacteria; pathogen 27 

Introduction 28 

Various studies have demonstrated that wild animals and their surrounding environments are 29 

significant reservoirs of antibiotic resistance genes and antibiotic resistant bacteria (Cantas et 30 

al. 2013; Costa et al. 2008; Karesh et al. 2012). This is a growing public health issue, due to 31 
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increased wildlife contact with humans, as well as livestock and domestic animals due to co-32 

habitation on the same farm (van den Honert et al. 2018). In addition, there is a rising trend in 33 

the consumption of game meat over recent years (Cantas et al. 2013; Dias et al. 2015).  Majority 34 

of these wild animals are slaughtered in field abattoirs (van Shalkwyk & Hoffman, 2010). This 35 

can potentially heighten the risk that bacteria from the gut and skin of animals can cross-36 

contaminate meat during the slaughter process, typically due to inadequate hygiene conditions 37 

and handling (Bakhtiary et al. 2016; van Shalkwyk and Hoffman, 2010). Schlegová et al. (2004) 38 

has stated that bacteria which contaminate meat can be the source of foodborne diseases and 39 

also possibly a cause of drug resistant human pathogenic bacteria (Schlegová et al. 2004).  40 

Although studies are limited, especially on bacteria from wildlife, several studies have been 41 

conducted on the antibiotic resistance patterns within a meat processing facility and conclude 42 

that cross-contamination of antibiotic resistant bacteria onto the meat does occur and originates 43 

from various sources such as the animal faeces, staff hands or facility equipment and machinery 44 

(Amir et al. 2017; Aslam et al. 2003; Schlegová et al. 2004).  45 

This study evaluated the antibiotic resistance patterns of Escherichia coli and Staphylococcus 46 

aureus isolated from the meat and faeces of three commonly hunted/harvested game species 47 

from different regions in South Africa.  48 

Methods 49 

Ethics number 50 

All animals were hunted and sampled according to the standard operating procedure approved 51 

by the Stellenbosch University Animal Care and Use Committee (ethics number: SU-52 

ACUM14-001SOP). 53 

Study area and sample collection 54 
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All three farms are private game farms where the wildlife are free to roam with the other 55 

wildlife species on the farm. The wildlife graze and drink on the farm’s natural resources and 56 

are given supplementary feed when necessary, especially in times of drought when the grass 57 

has become depleted.  58 

Meat (the infraspinatus muscle) and faecal (from the ileum of the small intestine) samples 59 

were collected from the same animal in order to directly compare the antibiotic resistance 60 

profiles of the meat and faeces of each animal. All samples from the same farm were collected 61 

on the same day. After sample collection, all samples were stored frozen at -20°C until analysis 62 

commenced. 63 

Impala (Aepyceros melampus) meat (n=5) and faecal (n=5) samples were collected from five 64 

different impala from a farm in Modimolle, Limpopo, South Africa. Bontebok (Damaliscus 65 

pygargus) meat (n=5) and faecal (n=5) samples were collected from five different bontebok 66 

from a farm in Wellington, Western Cape, South Africa. Springbok (Antidorcas marsupialis) 67 

meat (n=5) and faecal (n=5) samples were collected from five different springbok from a farm 68 

in Witsand, Western Cape, South Africa.  69 

Isolation and species confirmation of bacteria 70 

Samples were defrosted at room temperature until thawed before analysis commenced. The 71 

bacteria were isolated from the samples using a series of plating on selective agar media. The 72 

inoculated agar plates were incubated overnight at 35°C. For E. coli, Violet Red Bile Dextrose 73 

agar (Merck Bioloab, South Africa) and then Eosin Methylene Blue agar was used to isolate 74 

the bacteria from the faecal and meat samples. Baird Parker agar (Oxoid, Hampshire, England) 75 

was used to isolate S. aureus from the meat samples. E. coli characteristic growth on Violet 76 

Red Bile Dextrose agar is purple/red colonies surrounded by a halo and on Eosin Methylene 77 

Blue agar, characteristic growth is colonies with a dark purple center with a green metallic 78 

sheen. S. aureus characteristic growth on Baird Parker agar is black colonies with a clear halo.  79 
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Gram’s stain and various biochemical tests, the citrate test, catalase test and Staphylase test 80 

(Oxoid, Hampshire, England) were used to confirm colony identity. 81 

After pure cultures were obtained, colonies from the selective agar plates were streaked onto 82 

Nutrient agar (Merck Biolab, Modderfontein, South Africa) plates and incubated overnight at 83 

35°C, which were then used for the antibiotic susceptibility test (AST). 84 

Antibiotic susceptibility testing 85 

All samples were tested for antibiotic susceptibility in triplicate as each animal was sub-86 

sampled three times in the isolation step. Fresh cultures grown overnight on Nutrient agar 87 

(Merck Biolab, Modderfontein, South Africa) were used for the antibiotic susceptibility 88 

analysis. The disk diffusion method was used according to the Clinical & Laboratory Standards 89 

Institute (CLSI) 2018 guidelines (M100S) using Mueller-Hinton agar (Merck Biolab, 90 

Modderfontein, South Africa). For E. coli, the antibiotic discs (Oxoid, South Africa) ampicillin 91 

10μg, chloramphenicol 30 μg, ceftazidime 30 μg, streptomycin 10 μg, sulphafurazole 300 μg 92 

and tetracycline 30 μg were tested. For S. aureus, the antibiotic discs (Oxoid, Hampshire, 93 

England) cefoxitin 30 μg, erythromycin 15 μg, oxacillin 1 μg, penicillin 10U, tetracycline 30 94 

μg and vancomycin 30 μg were tested. The quality control strains E. coli ATCC 25922 and S. 95 

aureus ATCC 25923 (Thermo Fisher Scientific, Lake Charles, Louisiana) were used as quality 96 

controls and an uninoculated agar plate was used as a negative control. The results of the disc 97 

diffusion test classified the isolates as resistant, intermediately resistant or susceptible to the 98 

selection of antibiotics, according to the zone diameter specifications as listed by the CLSI 2018 99 

guidelines. 100 

Antibiotic resistant gene detection 101 

A crude extraction method using lysis buffer and boiling was used to extract DNA from fresh 102 

overnight broth cultures of the isolated E. coli meat and faecal samples. The ZymoBiomics 103 
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DNA kit (Inqaba Biotec, Muckleneuk, South Africa) was used according to the manufacturer’s 104 

instructions to extract DNA from fresh overnight broth cultures of the isolated S. aureus meat 105 

samples. 106 

Polymerase chain reaction (PCR) was used to detect various antibiotic resistant genes which 107 

are commonly associated with phenotypic antibiotic resistance. The antibiotic resistant genes 108 

detected in the E. coli isolates were: tetA at 502bp and tetB at 930bp (tetracycline resistance), 109 

sul1 at 433bp and sul2 at 721bp (sulphonamide resistance), blaCMY at 1000bp (ampicillin 110 

resistance) and aadA at 525bp (streptomycin resistance). The antibiotic resistant genes detected 111 

in the S. aureus isolates were: tetK at 1515bp, tetL at 229bp and tetM at 406bp (tetracycline 112 

resistance), vanA at 732bp and vanB at 647bp (vancomycin resistance) and blaZ at 498bp 113 

(penicillin resistance). All reactions were performed in duplicate. The primers and reaction 114 

conditions used in this study are described by van den Honert et al. (2020), except the blaZ 115 

gene, which is the most common gene encoding production of beta-lactamases to hydrolyse 116 

penicillin. The blaZ gene was detected using the following primers and reaction conditions: 117 

forward primer sequence: 5’-AAGAGATTTGCCTATGCTTC-3’, reverse primer sequence: 5’-118 

GCTTGACCACTTTTATCAGC-3’; 5min initial denaturation at 94 °C followed by 35 cycles 119 

of 94 °C for 30s, 55 °C for 30s and 72 °C for 10min and a final extension step of 72 °C for 120 

10min (Russi et al., 2015).  121 

Gel electrophoresis was performed using 1.2% agarose gel (Lonza SeaKem, Rockland, ME, 122 

USA) stained with EZ-Vision®  in-gel solution DNA dye (Amresco, Solon, OH, USA). Gel 123 

visualisation was performed using the Bio-Rad Gel Doc XR+ System (Bio-Rad, Hercules, CA, 124 

USA) in combination with Image Lab Software V5.2.1. 125 

Statistical analysis  126 

Statistical analysis was performed on the E. coli isolate results to determine if there were any 127 

significant differences between the meat and faecal sample antibiotic resistant levels. The 128 
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statistical analysis was performed using Statistica 13.2 software (StatSoft, USA). The data was 129 

analysed using one-way analysis of variance (ANOVA). The main effect was meat versus faecal 130 

sample. Significant results were identified by least significant means (LSM) by using a 95% 131 

confidence interval (p≤ 0.05). 132 

Results and Discussion 133 

Antibiotic resistant bacteria and some of the associated antibiotic resistance genes were found 134 

in both the faecal and meat samples of the wildlife species from all three of the farms (Figs. 1-135 

2). Table 1 shows the phenotype-genotype correlations of the E. coli and S. aureus isolates. 136 

Antibiotic resistant genes were detected in all the isolates which were classified as 137 

phenotypically resistant to the various antibiotics.  138 

Escherichia coli was isolated from 22 (49%) and 45 (100%) of the meat and faecal samples, 139 

respectively. A summary of the antibiotic susceptibility test results for the E. coli isolates is 140 

shown in Figure 1. There were no significant differences in the E. coli antibiotic resistance 141 

patterns between the meat and faecal samples, except for ceftazidime. Thus it can be speculated 142 

that contamination of the game meat occurred from E. coli both from the carcass faeces and 143 

from the surrounding environment, equipment and/ or the slaughter personnel (Gouws et al. 144 

2017) 145 

The presence of E. coli (49%) on the meat samples indicates that faecal contamination from 146 

the carcass occurred on the meat of these animals during the slaughter process (Aslam et al. 147 

2003). The presence of S. aureus on the meat samples (36%) indicates that unhygienic practices 148 

and thus cross-contamination occurred onto the meat from the hide and/ or from the meat 149 

handlers. Ultimately, the presence of S. aureus on raw meat is indicative of poor hygiene 150 

conditions in the food chain, mainly due to contamination by food handlers and equipment 151 

(Naas et al. 2019). The detection of E. coli and S. aureus from the meat samples was expected 152 

and the frequency of isolation is similar to those found by Schlegová et al. (2004), who detected 153 
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E. coli and S. aureus in meat samples of beef in a slaughterhouse in 67% and 24% of samples, 154 

respectively.  155 

The E. coli isolates were most frequently resistant to streptomycin, followed by ampicillin, 156 

sulphafurazole, tetracycline and then ceftazidime. No E. coli isolates were resistant to 157 

chloramphenicol.  158 

The E. coli isolates were resistant to streptomycin (average 9% meat; 5% faecal) where a high 159 

percentage were intermediately resistant (average 59% meat; 68% faecal) (Fig. 1). Other studies 160 

have reported that streptomycin resistance is common in food animals due to its extensive use 161 

in both agricultural and clinical settings (Boerlin et al. 2005; Bryan et al. 2004; Kozak et al., 162 

2009; Wilkerson et al. 2004). In addition, streptomycin is present in the soil, produced by 163 

organisms such as Streptomyces griseus, and could confer a natural low-level resistance to the 164 

grazing wildlife (Overbeek et al. 2002, Wegst-Uhrich et al. 2014).  165 

Moreover, the faecal and meat E. coli isolates were notably resistant to ampicillin (average 166 

18% meat; 20% faecal). More specifically, the high average of ampicillin resistance was mainly 167 

attributed to the faecal (100% resistant) and meat (73% resistant) samples from the bontebok 168 

species from the Wellington farm (data not shown). The higher ampicillin resistance seen in the 169 

bontebok E. coli isolates can be attributed to the fact that this farm which hosts the bontebok 170 

was previously a dairy and sheep farm about thirty years ago.  The penicillin antibiotic class, 171 

which includes ampicillin, is the most widely used antibiotic class in sheep farming (Wegst-172 

Uhrich et al. 2014). The application of antibiotics during the dairy and sheep farming period 173 

could have stimulated the development of antibiotic resistant bacteria within the soil which 174 

could be transferred to the grazing wildlife (Wegst-Uhrich et al. 2014).  175 

Furthermore, the E. coli isolates had low levels of resistance towards sulphafurazole (average 176 

9% meat; 2% faecal) and tetracycline (average 9% meat; 4% faecal). This is consistent with Li 177 
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et al.’s (2007) study which reported similar resistant levels of E. coli isolates from game meat, 178 

with sulphafurazole resistance at 7.9% and tetracycline resistance at 13%.  179 

No E. coli meat or faecal isolates were resistant to chloramphenicol. Low resistance was 180 

expected as chloramphenicol is not permitted for food animal use in South Africa and many 181 

other countries (Rawat and Nair, 2010). 182 

The only significant difference in antibiotic resistance levels between the E. coli isolates from 183 

the meat and faecal samples was towards ceftazidime, where 5% of the meat isolates and 0% 184 

of the faecal isolates were classified as resistant. Resistance to ceftazidime indicates suspicion 185 

for extended-spectrum β–lactamase (ESBL) production (Overdevest et al. 2011).  However, 186 

additional phenotypic confirmatory tests would still need to be performed to confirm ESBL-187 

production (Dahms et al. 2015; Henton et al. 2011; Overdevest et al. 2011). Other studies have 188 

also speculated that environmental ESBL E. coli is a result of human influence, as the majority 189 

of ESBLs are reported from human clinical isolates due to the direct use of novel sub-classes 190 

of β-lactam antibiotics (Guenther et al. 2011; Skurnik et al. 2006). Thus it can be speculated 191 

that contamination of the meat occurred predominantly from human influence, most likely 192 

during the skinning and evisceration steps, as also found by Schlegová et al. (2004), via resistant 193 

genotype and phenotype analysis.  194 

S. aureus was isolated from 16 of meat samples (36%). A summary of the antibiotic 195 

susceptibility test results for the S. aureus isolates is shown in Figure 2. The S. aureus isolates 196 

were most frequently resistant to penicillin, followed by oxacillin/ cefoxitin, tetracycline and 197 

then erythromycin. No isolates were classified as resistant to vancomycin.  198 

There were 12 S. aureus isolates from the game meat which were resistant to penicillin (75%) 199 

(Fig. 2). This was anticipated, as resistance to penicillin is now widespread in humans and 200 

animals since the 1960s, in both community, hospital and meat staphylococcal isolates 201 

(Appelbaum, 2007; Chambers and DeLeo, 2009; Lowy, 2003; Schlegová et al. 2004).  202 
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Methicillin resistant S. aureus (MRSA) was only detected in two of the bontebok meat isolates 203 

(13% average) (indicated by oxacillin and confirmed by cefoxitin). Although genetic 204 

confirmation to confirm methicillin resistance should be performed by detection of the mecA 205 

gene. Other studies have concluded that contamination of meat with MRSA can result from 206 

cross contamination of the carcass from the animal itself or from the people involved in the 207 

meat handling during slaughter and processing (Gilmore et al. 2008).  208 

The S. aureus meat isolates were classified as tetracycline resistant in 2 (12%) of the samples. 209 

Furthermore, 1 (6%) of the S. aureus isolates from the game meat were classified as resistant 210 

to erythromycin, although 5 (31%) were classified as intermediately resistant. Other studies 211 

have found varying frequencies of resistance to erythromycin (4.3-30%) and tetracycline (~50%) 212 

of S. aureus from meat (retail non-game meat), where tetracycline resistance is generally more 213 

common than erythromycin resistance (Kelman et al. 2011).  214 

None of the S. aureus meat isolates were classified as resistant to vancomycin. Other studies 215 

have also reported negligible to very low levels (0%-3%) of vancomycin resistant S. aureus 216 

from raw commercial meat samples (Das and Mazumder, 2016; Jackson et al. 2013; Pesavento 217 

et al. 2005).  218 

At least one of the selected antibiotic resistant genes were detected in all samples which 219 

showed to have a corresponding phenotypic antibiotic resistance pattern. There were seven 220 

samples where the antibiotic resistant gene was detected but the phenotypic method classified 221 

the isolates as susceptible. This occurred for ampicillin (4) from the E. coli isolates and for 222 

tetracycline (2) and vancomycin (1) from the S. aureus isolates. Some possible explanations for 223 

these resistance genes being detected in these samples could be that they are inactive genes, 224 

meaning that they are present but are not active because there is no antibiotic resistance 225 

selective pressure to phenotypically express the gene. Alternatively, PCR can be considered a 226 

more sensitive method to the disc diffusion phenotypic method, as resistance is dependent on 227 
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the size of the zone of inhibition, which is determined by the CLSI committee on an annual 228 

basis, whereas resistance in PCR is determined simply by the detection of a resistance gene 229 

(Gilmore et al. 2008).  230 

Conclusion 231 

Antibiotic resistant bacteria were detected in the faecal content and on the raw meat of the 232 

wildlife species, with ampicillin and streptomycin resistance being the most prevalent in E. coli 233 

from both sample types. The S. aureus isolates from the game meat showed high resistance to 234 

penicillin but fairly low resistance to the other five antibiotics.  235 

Although it seems unlikely that antibiotic resistant bacteria would be found in wildlife, 236 

movement of antibiotic resistance genes and resistant bacteria can reach these more isolated 237 

environments from pollution of human and farm animal environments as well as via 238 

supplementary feed and water sources.  Contamination via humans during the slaughter and 239 

processing steps can also be a source of antibiotic resistant bacteria onto the raw meat.  240 

The E. coli isolated from the meat and faeces of the same animal showed to have similar 241 

antibiotic resistance patterns except towards ceftazidime, where there was a significant 242 

difference in resistance frequencies between the meat and faecal samples. These results indicate 243 

that cross contamination of the meat occurred from bacteria both from the carcass and from 244 

human origin.  245 

In order to prevent cross-contamination of harmful and/ or antibiotic resistant bacteria from 246 

the hides or faeces onto raw meat, various precautionary steps can be put in place. For example, 247 

exposed muscle must avoid contact with workers hands and the animal’s skin as best as possible. 248 

Workers hands are important sources of contamination during processing and thus hand 249 

washing is essential in preventing contamination of the carcass. Furthermore, it is important to 250 

clean all equipment and meat processing machinery to reduce the effect of cross-contamination. 251 



 

13 
 

References 252 

Amir M, Muhammad R, Chang Y-z, Akhtar S, Ho Yoo S, Sheikh AS, Kashif M. 2017. Impact 253 

of unhygienic conditions during slaughtering and processing on spread of antibiotic resistant 254 

Escherichia coli from poultry. Microbio Res 8:35-40. 255 

The Department of Agriculture, Forestry and Fisheries. 2010. Game industry market value chain 256 

profile. Available from http://www.nda.agric.za/docs/AMCP/GameMVCP2009-2010.pdf. 257 

Accessed June 11, 2020. 258 

Appelbaum PC. 2007. Microbiology of antibiotic resistance in Staphylococcus aureus. Clin 259 

Infect Dis 45:S165-S170. 260 

Aslam M, Nattress F, Greer G, Yost C, Gill C, McMullen L. 2003. Origin of contamination and 261 

genetic diversity of Escherichia coli in beef cattle. Appl Environ Microbiol 69:2794-2799. 262 

Bakhtiary F, Sayevand HR, Remely M, Hippe B, Hosseini H, Haslberger AG. 2016. Evaluation 263 

of bacterial contamination sources in meat production line. J Food Qual  3: 750-756. 264 

Boerlin P, Travis R, Gyles CL, Reid-Smith R, Janecko N, Lim H, Nicholson V, McEwen SA, 265 

Friendship R, Archambault M. 2005. Antimicrobial resistance and virulence genes of 266 

Escherichia coli isolates from swine in Ontario. Appl Environ Microbiol 71:6753-6761. 267 

Bryan A, Shapir, N, Sadowsky MJ. 2004. Frequency and distribution of tetracycline resistance 268 

genes in genetically diverse, nonselected, and nonclinical Escherichia coli strains isolated from 269 

diverse human and animal sources. Appl Environ Microbiol 70:2503-2507. 270 

Cantas L, Shah SQA, Cavaco LM, Manala CM, Walsh F, Popowska M, Garelick H, Bürgmann 271 

H, Serum H. 2013. A brief multi-disciplinary review on antimicrobial resistance in medicine 272 

and its linkage to the global environmental microbiota. Front Microbiol 4:1-14. 273 

Chambers HF, DeLeo FR. 2009. Waves of resistance: Staphylococcus aureus in the antibiotic 274 

era. Nat Rev Microbiol 7: 629-641. 275 

http://www.nda.agric.za/docs/AMCP/GameMVCP2009-2010.pdf


 

14 
 

Clinical and Laboratory Standards Institute. 2018. M100 Performance standards for antimicrobial 276 

susceptibility testing, 28th ed. Online publication.  277 

Costa D, Poeta P, Sáenz Y, Vinué L, Coelho AC, Matos M, Rojo-Bezares Rodrigues J, Torres C. 278 

2008. Mechanisms of antibiotic resistance in Escherichia coli isolates recovered from wild 279 

animals. Microb Drug Resist 14:71-78. 280 

Dahms C, Hübner N-O, Kossow A, Mellmann A, Dittmann K, Kramer A. 2015. Occurrence of 281 

ESBL-producing Escherichia coli in livestock and farm workers in Mecklenburg-Western 282 

Pomerania, Germany. PLoSOne 10:1-13. 283 

Das P, Mazumder PB. 2016. Prevalence of Staphylococcus in raw meat samples in Southern 284 

Assam, India. IOSR J Agri Vet Sci 9:23-29. 285 

Dias D, Torres RT, Kronvall G, Fonseca C, Mendo S, Caetano T. 2015. Assessment of antibiotic 286 

resistance of Escherichia coli isolates and screening of Salmonella spp. in wild ungulates from 287 

Portugal. Res Microb 166: 584–593. 288 

Gilmore KS, Gilmore MS, Sahn DF. 2008. Methicillin resistance in Staphylococcus aureus. In 289 

Bacterial resistance to antimicrobials. 2nd ed. CRC Press, Florida, USA. pp 291-296. 290 

Gouws PA, Shange N, Hoffman LC. 2017. Microbial quality of springbok (Antidorcas 291 

marsupialis) meat in relation to harvesting and production process. In Game meat hygiene- 292 

food safety and security. Paulsen P, Bauer A, Smulders FJM (ed). The Wageningen Academic 293 

Publishers, Netherlands. pp. 223-228. 294 

Guenther S, Ewers C, Wieler LH. 2011. Extended-spectrum beta-lactamases producing E. coli 295 

in wildlife, yet another form of environmental pollution? Front Microbiol 2:1-13. 296 

Henton MM, Eagar HA, Swan GE, van Vuuren M. 2011. Antibiotic management and 297 

resistance in livestock production. S Afr Med J 101:1-7. 298 



 

15 
 

Jackson CR, Davis JA, Barrett JB. 2013. Prevalence and characterisation of methicillin- resistant 299 

Staphylococcus aureus isolates from retail meat and humans in Georgia. J Clin Microbiol 300 

51:1199-1207. 301 

Karesh WB, Loh E, Machalaba C. 2012. Food Safety: a view from the wild side. In Improving 302 

food safety through a one health approach. The National Academies Press, Washington, D.C, 303 

USA. pp. 207-211. 304 

Kelman A, Soong Y-A, Dupuy N, Shafer D, Richbourg W, Johnson K, Brown T, Kestler E, Li 305 

Y, Zheng J, McDermott P, Meng J. 2011. Antimicrobial Susceptibility of Staphylococcus 306 

aureus from Retail Ground Meats. J Food Prot 74(10):1625-1629. 307 

Kozak GK, Boerlin P, Janecko N,  Reid-Smith RJ, Jardine C. 2009. Antimicrobial resistance in 308 

Escherichia coli isolates from swine and wild small mammals in the proximity of swine farms 309 

and in natural environments in Ontario, Canada. Appl Environ Microbiol 75:559–566. 310 

Li Q, Sherwood JS, Loque CM. 2007. Characterisation of antimicrobial resistant Escherichia 311 

coli isolated from processed bison carcasses. J Appl Microbiol 103:2361-2369. 312 

Lowy F. 2003. Antimicrobial resistance: the example of Staphylococcus aureus. J Clin 313 

Investigation 111:1265–1273. 314 

Naas, HT, Edarhoby, RA, Garbaj, AM, Azwai, SM, Abolghait, SK, Gammoudi, FT, Moawad, 315 

AA, Barbeiri, I, Eldaghayes, IM. 2019. Occurrence, characterization, and antibiogram 316 

of Staphylococcus aureus in meat, meat products, and some seafood from Libyan retail markets. 317 

Vet World 12(6): 925-931. 318 

Overbeek LS, Wellington EMH, Egan S, Smalla K, Heuer H, Collard J-M, Guillaume G, 319 

Karagouni AD, Nikolakopoulou TL, Elsas JD. 2002. Prevalence of streptomycin-resistance 320 

genes in bacterial populations in European habitats. FEMS Microbiol Ecol 42: 277-288. 321 



 

16 
 

Overdevest I, Willemsenm I, Rijnsburger M, Eustace A, Xu L, Hawkey P, Heck M, Savelkoul 322 

P, Vandenbroucke-Grauls C, van der Zwaluw K, Huijsdens X, Kluytmans J. 2011. Extended-323 

spectrum β-lactamase genes of Escherichia coli in chicken meat and humans, the Netherlands. 324 

Emerg Infect Dis 17: 1216-1222. 325 

Pesavento G, Ducci B, Comodo N, Lo Nostro A. 2005. Antimicrobial resistance profile of 326 

Staphylococcus aureus isolated from raw meat: a research for methicillin resistant 327 

Staphylococcus aureus (MRSA). Food Control 18:196-200. 328 

Rawat D, Nair D. 2010. Extended-spectrum β-lactamases in gram negative bacteria. J Glob Infect 329 

Dis 2: 263-274. 330 

Russi NB, Maito J, Dieser SA, Renna MS, Signorini ML, Camussone C, Neder VE, Pol M, 331 

Tirante L, Odierno LM, Calvinho LF. 2015. Comparison of phenotypic tests for detecting 332 

penicillin G resistance with presence of blaZ gene in Staphylococcus aureus isolated from 333 

bovine intramammary infections. J Dairy Res 82: 317-321. 334 

Schlegelová J, Nápravnìková E, Dendis M, Horváth R, Benedìk J, Babák V, Klìmová E, 335 

Navrátilová P, Śustáčková A. 2004. Beef carcass contamination in a slaughterhouse and 336 

prevalence of resistance to antimicrobial drugs in isolates of selected microbial species. Meat 337 

Sci 66: 557-565. 338 

Skurnik D, Ruimy R, Andremont A, Amorin C, Rouquet P, Picard B, Denamur E. 2006. Effect 339 

of human vicinity on antimicrobial resistance and integrons in animal faecal Escherichia coli. 340 

J Antimicrob Chemother 57: 1215-1219. 341 

van den Honert MS, Gouws PA, Hoffman LC. 2018. Importance and implications of antibiotic 342 

resistance development in livestock and wildlife farming in South Africa. S Afr J Anim Sci 343 

48:401 – 412.   344 



 

17 
 

van den Honert MS, Gouws PA, Hoffman LC. 2020. A Preliminary Study: Antibiotic Resistance 345 

Patterns of Escherichia coli and Enterococcus Species from Wildlife Species Subjected to 346 

Supplementary Feeding on Various South African Farms. Animals 10 (396): 1-20. 347 

Van Shalkwyk DL,  Hoffman LC. 2010. Guidelines for the Harvesting of Game for Meat Export.  348 

AgriPublishers, ISBN: 978-99945-71-21-5.  349 

Wegst-Uhrich SR, Navarro DAG, Zimmerman L, Aga DS. 2014. Assessing antibiotics sorption 350 

in soil: a literature review and new case studies on sulphonamides and macrolides. Chem Cent 351 

J 8:1-12. 352 

Wilkerson C, Samadpour M. 2004. Antibiotic resistance and distribution of tetracycline 353 

resistance genes in Escherichia coli O157:H7 isolates from humans and bovines. Antimicrob 354 

Agents Chemother 48: 1066-1067. 355 

  356 



 

18 
 

Figure Legends 357 

Figure 1. Antibiotic susceptibility profiles of E. coli isolates from meat (n=22) and faecal (n=45) 358 

samples from springbok, bontebok and impala to ampicillin (AMP) p>0.05, ceftazidime (CAZ) 359 

p≤0.05, chloramphenicol (C) p>0.05, streptomycin (ST) p>0.05, sulphafurazole (SF) p>0.05 and 360 

tetracycline (TE) p>0.05.  361 

 362 

Figure 2. Antibiotic susceptibility profile of S. aureus isolates (n=16) from meat samples from 363 

springbok and bontebok to tetracycline (TE), erthromycin (E), vancomycin (VA), penicillin (P) 364 

and oxacillin (OX) / cefoxitin (FOX). 365 

  366 
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 Tables367 

Table 1. Phenotype-genotype antibiotic resistance patterns of  E. coli and S. aureus  

Location Animal Phenotypic resistance1 Genotypic resistance 

Escherichia coli 
bla 

CMY 

sul 

1 

sul 

2 
aadA tetA tetB 

Witsand Springbok  AMP(S), SF(R), ST(R), TE(R) - + + + - + 
Witsand Springbok  AMP(I), SF(I), ST(I),  TE(S) - - - + - - 

Witsand Springbok  AMP(I), SF(I), ST(I),  TE(S) - - - + - - 

Witsand Springbok2 AMP(S), SF(S), ST(R),  TE(S) + - - + - - 

Witsand Springbok2 AMP(S), SF(S), ST(I),  TE(S) + - - + - - 

Modimolle  Impala  AMP(I), SF(I), ST(R), TE(S) - - - + - - 

Modimolle  Impala  AMP(S), SF(S), ST(I), TE (S) + - - + - - 

Modimolle  Impala2 AMP(R), SF(S), ST(S),  TE(S) + - - - - - 

Modimolle  Impala2 AMP(S), SF(S), ST(S),  TE(S) - - - - - - 

Modimolle  Impala2 AMP(S), SF(S), ST(I),  TE(S) - - - + - - 

Wellington  Bontebok  AMP(R), SF(I), ST(I),  TE(S) + - - + - - 

Wellington  Bontebok  AMP(R), SF(S), ST(I), TE(S) + - - + - - 

Wellington  Bontebok  AMP(R), SF(S), ST(I),  TE(S) + - - + - - 

Wellington  Bontebok  AMP(S), SF(S), ST(I),  TE(S) + - - + - - 

Wellington  Bontebok2 AMP(R), SF(S), ST(S),  TE(S) + - - - - - 

Staphylococcus aureus 
tetL tet

K 

tetM vanA vanB blaZ 

Witsand  Springbok2 TE(S), VA(S), P (R) + - - + - + 
Witsand  Springbok2  TE(S), VA(S), P (R) + - - - - + 
Witsand Springbok2  TE(S), VA(S), P (R) - - - - - + 
Witsand Springbok2   TE(S), VA(S), P (R) - - - - - + 
Wellington  Bontebok2  TE(S), VA(S), P (R) - - - - - + 
1E. coli: AMP, ampicillin (blaCMY gene); SF, sulphonamide (sul1 and sul2 genes); ST, streptomycin 

(aadA gene); TE, tetracycline (tetA and tetB genes). S. aureus: TE: tetracycline (tetL, tetK and tetM genes); 

VA: vancomycin (vanA and vanB genes); P: penicillin (blaZ gene) 

S, susceptible; I, intermediate; R, resistant 
2Meat samples (all others are faecal samples) 



 

20 
 

Figures 368 
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 371 
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