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Abstract  8 

About 388 million school-going children worldwide benefit from school feeding schemes 9 

which make use of fresh produce to prepare meals. Fresh produce, including leafy greens and 10 

other vegetables were served at 37% and 31% of school feeding programmes respectively in 11 

Africa. This study aimed at assessing the microbiological quality of fresh produce grown onsite 12 

or supplied to South African schools that are part of the national school feeding programmes 13 

that benefits over 9 million school-going children.  14 

Coliforms, Escherichia coli, Enterobacteriaceae, and Staphylococcus aureus were enumerated 15 

from fresh produce (n=321) samples. The occurrence of E. coli, Listeria monocytogenes, 16 

Salmonella spp., and extended-spectrum-β-lactamase producing (ESBL-) Enterobacteriaceae 17 

was determined. Presumptive pathogens were tested for antimicrobial resistance.  Escherichia 18 

coli was further tested for diarrheagenic virulence genes. Enterobacteriaceae on 62.5% of fresh 19 

produce samples (200/321) exceeded previous microbiological guidelines for ready-to-eat 20 

food, while 86% (276/321 samples) and 31.6% (101/321 samples) exceeded coliform and E. 21 

coli criteria, respectively. A total of 76 Enterobacteriaceae were isolated from fresh produce 22 

including E. coli (n=43), Enterobacter spp. (n=15) and Klebsiella spp. (n=18). 23 

Extendedspectrum-β-lactamase production was confirmed in 11 E. coli, 13 Enterobacter spp., 24 

and 17 Klebsiella spp. isolates. No diarrheagenic virulence genes were detected in E. coli 25 

isolates. However, multidrug resistance (MDR) was found in 60.5% (26/43) of the E. coli 26 

isolates, while all (100%; n=41) of the confirmed ESBL- and AmpC Enterobacteriaceae, 27 

showed multidrug resistance.  28 

Our study indicates the reality of the potential health risk that contaminated fresh produce may 29 

pose to school-going children, especially with the growing food safety challenges and 30 

antimicrobial resistance crisis globally. This also shows that improved food safety approaches 31 

to prevent foodborne illness and the spread of foodborne pathogens through food served by 32 

school feeding schemes are necessary.   33 

Keywords: microbiological quality, school-going children,  potential health risk, school 34 

feeding, fresh produce  35 

Introduction  36 

There are 388 million school children, in 161 countries receiving meals at schools globally 37 

(World Food Programme, 2021). The largest school feeding programmes are in India (90 38 

million children), Brazil and China (40 million children), the United States of America (30 39 

million children), and Egypt (11 million children) (World Food Programme, 2021). South 40 
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Africa provides meals to over 9.6 million school-going children (Department of Basic 41 

Education, 2019). These school feeding schemes make use of vegetables to prepare meals for 42 

the school children. In addition, the school children normally also get fruit with their meals 43 

(Department of Basic Education, 2019).  44 

Fresh produce is associated with health benefits, and thus a desirable component of any meal 45 

(Weichselbaum and Buttriss 2014).  However, fresh produce has also been linked to foodborne 46 

disease outbreaks (Park et al. 2012).  Globally an estimated 600 million foodborne disease 47 

cases occur every year, resulting in over 400 000 deaths mostly caused by bacterial pathogens 48 

[Havelaar et al., 2015; World Health Organization (WHO), 2015]. Escherichia coli are often a 49 

harmless commensal organism, however pathogenic strains cause diarrhoea and other serious 50 

gastrointestinal diseases (Hamilton et al., 2010).  Other major foodborne pathogens include 51 

Salmonella spp. and Listeria monocytogenes [Centers for Disease Control and Prevention 52 

(CDC) 2020]. In addition to these pathogens, extended-spectrum-β-lactamase (ESBL-) 53 

producing Enterobacteriaceae have also been detected in food linked to foodborne disease 54 

outbreaks (Calbo et al., 2011; Lavilla et al., 2008).  These ESBL- as well as AmpC βlactamase-55 

producing Enterobacteriaceae have also been detected in fresh vegetables (Berner et al., 2015; 56 

Richter et al., 2019; Blaak et al., 2014; Li et al., 2018a) and are therefore a reason for concern 57 

especially with the global drive to increase consumption of fresh produce. Moreover, with 58 

increasing antibiotic resistance in bacterial pathogens, general treatment of foodborne diseases 59 

is a growing concern in health care [Centers for Disease Control and Prevention (CDC), 2013; 60 

WHO, 2016]. In addition to illness, foodborne diseases could result in death and long-term 61 

chronic ailments (James, 1997).  Anxiety, an indirect effect of foodborne diseases can also exist 62 

in communities that have experienced outbreaks and further lack trust in the food system 63 

(Bryan, 1978).  Foodborne diseases also put extreme pressure on the public health system as 64 

well on health care workers (Bryan, 1978). For school going children, who are classified in the 65 

most vulnerable group (Kirk et al. 2017), foodborne disease also means loss of learning time 66 

and negatively impacting on their growth and development (Sibanyoni and Tabit 2016).   67 

The National Institute for Communicable Diseases (NICD) reported 31 cases of foodborne 68 

and/or waterborne disease outbreaks in the first six months of 2017 in South Africa (SA), nine 69 

of which were recorded from schools (NICD, 2017). Fresh produce was implicated in two of 70 

these outbreaks, where Salmonella spp. and Clostridium perfringens were detected (NICD, 71 

2014; Msomi, 2017).    72 
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The safety of fresh produce used to make meals and served at schools, globally, is therefore a 73 

concern and warrants for further investigations.  Moreover, as far as the authors are aware, the 74 

potential food safety risk associated with fresh produce in schools has not been explored in 75 

South Africa. This study investigated the microbiological safety of fresh produce (spinach, 76 

Chinese spinach, carrots, cabbage, onions, tomatoes, lettuce, and apples) grown at or supplied 77 

to schools to prepare meals.  78 

Methods and materials Sample collection  79 

Fresh produce was collected from six schools in Gauteng Province (schools 1-3 in Ekhuruleni 80 

district and schools 4-6 in Tshwane district) and from six schools in the Mpumalanga Province 81 

(schools 7-9 in Nkangala district and schools 10-12 in the Gert Sibande district) after 82 

permission was granted by the provincial Departments of Basic Education, each school was 83 

visited twice. Fresh produce (growing in gardens on the school premises) available at the time 84 

of sampling, were collected aseptically at five points in the school garden per crop planted 85 

(n=186) and from three different packages in the kitchen storage area per produce item (n=135). 86 

Each sample consisted of an equal number of three different fresh produce units. Samples 87 

included spinach (Swiss chard), Chinese spinach, lettuce (Iceberg), onions, cabbage, apples, 88 

tomatoes, and carrots. These samples were transported in cool boxes to the Plant Pathology 89 

laboratories, University of Pretoria and kept refrigerated (40C) until processing was done, 90 

usually within 48h.  Microbiological analysis  91 

Fresh produce (50g of spinach, lettuce and cabbage, 150g of apples, onions, carrots and 92 

tomatoes) was macerated in buffered peptone water (BPW) (Merck, Johannesburg, SA) [200 93 

ml for spinach, cabbage and lettuce (1:4 ratio), 250 ml for apples, tomatoes, onions and carrots 94 

(1:5 ratio)] (Xu et al., 2015) in Seward stomacher 400 circulator strainer bags (Lasec, 95 

Johannesburg), using the Seward Stomacher (Lasec) at 230 g for 5 min. A dilution series of 96 

each sample was done using 0.1% BPW and spread plated onto Violet Red Bile Glucose agar 97 

(Oxoid, Johannesburg) (ISO 21528 and ISO 11133:2014) in duplicate to enumerate 98 

Enterobacteriaceae, onto Staph Express Count Plates and E. coli/coliform Count Plates (3M, 99 

Johannesburg) to enumerate Staphylococcus aureus and E. coli and coliforms, respectively. 100 

Agar plates and count plates were incubated at 37°C for 24h.   101 

Fresh produce samples in BPW were incubated at 37°C, following 4h of incubation, 1ml was 102 

transferred to 9ml of Enterobacteriaceae Enrichment Broth (EE Broth) (Oxoid) and incubated 103 

at 30°C for 24h. Samples in BPW were then further incubated at 37°C for 24h.  Subsequently, 104 

samples in BPW were streaked onto Eosin methylene blue agar (Oxoid) for the detection of E. 105 
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coli, Baird-Parker agar (Merck) and Mannitol Salt agar (ThermoFisher Scientific, 106 

Johannesburg) for S. aureus. The incubated EE broth was streaked onto chromID ESBL agar 107 

(Biomeriuex, Johannesburg) to detect ESBL-producing Enterobacteriaceae.  For the detection 108 

of L. monocytogenes and other Listeria species, 1ml-1 of the overnight incubated sample in 109 

BPW was transferred to 9ml-1 of Buffered Listeria Enrichment Broth (Oxoid) and incubated at 110 

37°C for 48h and then streaked onto Agar Listeria according to Ottaviani and Agosti (BioRad, 111 

AEC Amersham, Johannesburg) and Rapid L. mono agar (BioRad). Salmonella spp. detection 112 

was done from samples incubated in BPW using the BioRad iQ check Salmonella kit (AEC  113 

Amersham), following the manufacturer’s instructions (AOAC OMA 2017.06). All 114 

presumptive positive isolates were identified using Matrix-Assisted Laser Desorption 115 

Ionization-Time of Flight mass spectrometry (MALDI-TOF) in conjunction with the Bruker 116 

MALDI Biotyper software (Bruker, Johannesburg) (Standing et al. 2013).   117 

Antimicrobial resistance testing and virulence gene screening of Escherichia coli isolates  118 

All 43 E. coli isolates were subjected to antimicrobial resistance screening using the 119 

KirbyBauer Disc Diffusion method (Bauer et al. 1966). Escherichia coli isolates were cultured 120 

in brain heart infusion broth (BHI) and plated onto Mueller Hinton agar plates (ThermoFisher 121 

Scientific). Escherichia coli isolates were tested against cefotaxime (30µg), ciprofloxacin 122 

(5µg), chloramphenicol (30µg), cephalothin (30µg), gentamicin (100µg), nitrofurantoin 123 

(300µg), streptomycin (10µg), nalidixic acid (30µg), amoxycillin (10µg), ampicillin (10µg), 124 

trimethoprim/sulfamethoxazole (1.25/23.75µg) and tetracycline (30µg).  Zone diameters were 125 

measured (mm) and analysed according to the Clinical & Laboratory Standards Institute (CLSI) 126 

(CLSI, 2018) and European Committee on Antimicrobial Susceptibility Testing (EUCAST) 127 

(EUCAST, 2013) guidelines. Break points measured were recorded as susceptible or resistant, 128 

with isolates demonstrating intermediate resistance classified as susceptible, in order to avoid 129 

overestimation of resistance (Ta et al., 2014). Isolates with resistance to more than three 130 

antibiotic classes were classified as multidrug resistance (MDR).   131 

Additionally, E. coli isolates were cultured in Tryptone Soy Broth (Merck) at 37°C for 24h, 132 

followed by genomic DNA extraction using the Quick gDNA Mini-Prep Kit (Zymo Research) 133 

according to manufacturer’s instructions. The concentration of the DNA extracts were 134 

determined using the Qubit broad range double stranded DNA assay and the Qubit fluorometer 135 

(Life Technologies).  For the detection of enterotoxigenic, enteropathogenic, 136 

enteroaggregative, enterohemorrhagic, enteroinvasive and shiga-toxin virulence genes in the 137 

E. coli isolates, specific primers and primer concentrations as indicated in Table 1 were used 138 
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for PCR reactions. Escherichia coli strains ATCC 35150 (E. coli O157:H7) and ATCC 25922 139 

(generic non-pathogenic E. coli) were used as positive and negative controls, respectively. In 140 

addition, PCR grade water was used as the no template control. The PCR reactions (25 µl) 141 

contained between 100-120ng of the template DNA, the forward and reverse primer (Table 1) 142 

as well as 1x DreamTaq Green PCR Master Mix (Thermofisher Scientific).  PCR cycling 143 

conditions were as follows: an initial denaturation at 95°C for15min, followed by 35 cycles of 144 

94°C for 45s, primer specific annealing temperature (Table 1) for 45s and 68°C for 2 min, and 145 

a final extension for 7 min at 72°C. Products of the PCR reaction were electrophoresed on a 146 

2% agarose gel (ThermoFisher Scientific), prepared according to manufacturer’s instructions, 147 

at 120V for 90 min and thereafter visualised using the GelDoc system (BioRad) in conjunction 148 

with Image Lab software (version 4.0.1).   149 

Confirmation of extended spectrum β-lactamase and AmpC production in presumptive 150 

extended spectrum β-lactamase Enterobacteriaceae isolates  151 

Forty-four presumptive ESBL- producing Enterobacteriaceae isolates including E. coli (n=11),  152 

Klebsiella spp. (n=18) and Enterobacter spp. (n=15) were cultured as previously described in 153 

BHI and on Mueller Hinton agar plates to screen for ESBL and AmpC production. The 154 

doubledisk synergy test (DDST), using cefotaxime (30µg), ceftazidime (30µg) and 155 

cefpodoxime (10µg) alone and in combination with clavulanic acid (10µg) (Mast Diagnostics, 156 

Johannesburg) [European Committee on Antimicrobial Susceptibility Testing (EUCAST), 157 

2013]. The agar plates were incubated at 37°C for 24h. Additionally, ESBL-production in 158 

presumptive ESBL-Enterobacter spp. was confirmed using cefepime (30µg) alone and in 159 

combination with clavulanic acid (10µg) (Mast Diagnostics). The confirmation of 160 

AmpCproduction in all isolates was done using the AmpC detection set (Mast diagnostics). 161 

Zone diameters were measured (mm) and analysed according to the CLSI (2018) and EUCAST 162 

(2013) guidelines.  163 

Antimicrobial resistance screening of extended spectrum β-lactamase- and AmpC- 164 

producing Enterobacteriaceae isolates   165 

Confirmed ESBL- and AmpC- producing E. coli (n=11), Enterobacter spp. (n=13) and 166 

Klebsiella spp. (n=17) isolates were then subjected to additional antimicrobial screening 167 

against amoxicillin (10µg), ampicillin (10µg), amoxicillin/clavulanic acid (20µg/10µg), 168 

cefoxitin (30µg), cefepime (30µg), cefpodoxime (10µg), ceftazidime (30µg), imipenem 169 

(10µg), tetracycline (30µg), neomycin (10µg), gentamicin (10µg), chloramphenicol (30µg), 170 

cefotaxime (30µg), ciprofloxacin (5µg) and nitrofurantoin (300µg). Klebsiella pneumonia 171 
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ATCC 700603, E. coli NTCC, E. coli ATCC 25922 and E. cloacae NCTC 1406 were used as 172 

controls (CLSI, 2018).  Zone diameters were measured, and results recorded as previously 173 

described.  174 

Results Coliform, Escherichia coli, Enterobacteriaceae and Staphylococcus aureus 175 

counts   176 

For fresh produce obtained from school gardens, cabbage samples had the highest mean  177 

Enterobacteriaceae and coliform counts at 5.12 log cfu g-1 and 4.46 log cfu g-1, respectively 178 

(Table 2).  However, spinach had the highest mean E. coli counts (1.06 log cfu g-1) while mean  179 

S. aureus counts were highest in Chinese spinach samples (3.49 log cfu g-1) (Table 2).  180 

Enterobacteriaceae, coliform, E. coli and S. aureus counts for fresh produce obtained from 181 

school storerooms were highest in tomatoes (5.65 log cfu g-1), carrots (4.28 log cfu g-1), 182 

tomatoes (0.61 log cfu g-1) and onions (1.49 log cfu g-1), respectively (Table 3). Mean indicator 183 

organism counts for carrot samples obtained from the school storerooms were higher than for 184 

carrot samples obtained from the school gardens. Mean E. coli counts were the highest in 185 

spinach growing in the school gardens at 1.06 log cfu g-1 (Table 2). Whilst the highest S. aureus 186 

counts were observed in Chinese spinach growing in the school gardens (Table 2). Apples in 187 

the storeroom contained the lowest E. coli counts for fresh produce in the storerooms. Whilst 188 

the lowest S. aureus count was observed in carrots growing the school gardens (Table 2). No 189 

E. coli were enumerated from the lettuce samples.   190 

Detection of Enterobacteriaceae and Listeria monocytogenes  191 

A total of 73 Enterobacteriaceae isolates were detected on fresh produce obtained from schools 192 

in the Gauteng and Mpumalanga Provinces. These included E. coli (n=43) (both generic and 193 

ESBL-producing), Enterobacter spp. (n=13) as well as Klebsiella spp. (n=17).  Escherichia 194 

coli was detected in 10.0% of cabbage (2 out of 20 samples), 11.8% carrots (2 out of 17 195 

samples) and 11.1% Chinese spinach (2 out of 18 samples), respectively as well as 3.7% onions 196 

(1 out of 27 samples) and 20.0% spinach (21 out of 105 samples) obtained from the school 197 

gardens. From fresh produce obtained from the storerooms, E. coli was detected in 7.1% onions 198 

(3 out of 42 samples) and 16.7% tomatoes (2 out of 12 samples).   199 

Of these E. coli isolates, 25.6% (11 out of 43) of them were found to be ESBL and/or AmpC- 200 

producing and were detected in 5.6% Chinese spinach (1 out of 18 samples), 7.4% onions (2 201 

out of 27 samples) and 4.8% spinach (5 out of 105 samples) from the school gardens whereas 202 

in the storerooms they were detected from 4.8% onions (2 out of 42 samples), 8.3% tomatoes 203 

(1 out of 12 samples) as well as 22.2% carrots (2 out of 9 samples).   204 
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Klebsiella pnuemoniae and Klebsiella oxycota (n=17) isolates were of found to be ESBL- 205 

and/or AmpC- producing and were detected in 5.6% Chinese spinach (1 out of 18 samples), 206 

11.1% onions (3 out of 27 samples) as well as 6.7% of spinach (7 out of 105 samples) obtained 207 

from the school gardens. Extended spectrum beta-lactamase Klebsiella spp. were also detected 208 

from 11.9% onions (5 out of 42 samples), 22.2% carrots (2 out of 9 samples) and 2.6% cabbages 209 

(1 out of 39 samples) from the school storerooms.   210 

Enterobacter spp. (n=13) producing ESBL’s were detected from 15% cabbage (3 out of 20 211 

samples), 11.1% Chinese spinach (2 out of 18 samples), 3.7% onions (1 out of 27 samples), 212 

6.8% of spinach (7 out of 105 samples) and 20% of lettuce (1 out of 5 samples) samples 213 

obtained from the school gardens.  In the storerooms, ESBL- Enterobacter spp. were detected 214 

in 2.4% onions (1 out of 42 samples) and 3.7% apples (1 out of 27 samples), 16.7% of tomatoes 215 

(2 out of 12 samples) and 7.7% of cabbage samples (3 out of 39 samples).   216 

Listeria monocytogenes and Salmonella spp. were not detected in any of the fresh produce 217 

samples obtained from schools in the Gauteng and Mpumalanga Provinces.  Antimicrobial 218 

resistance and virulence gene screening of Escherichia coli isolates No virulence genes were 219 

detected in the E. coli isolates that were screened.  However, MDR was found in 60.5% of these 220 

43 E. coli isolates (Table 4). Escherichia coli isolates (n=43) displayed resistance to amoxicillin 221 

(62.8%), ampicillin (60.5%), trimethoprim (55.8) and tetracycline (55.8%). This was followed 222 

by resistance to cephalothin (51.2%), nitrofurantoin (46.5%), streptomycin (46.5%), nalidixic 223 

acid (46.5%), ciprofloxacin (44.2%) and cefotaxime (41.9%) with the least resistance to 224 

chloramphenicol (20.9%) and gentamicin (20.9%). Six (18.6%) E. coli isolates obtained from 225 

spinach collected from schools 9 and 10 and two E. coli isolates obtained from carrot samples 226 

collected from school 11 showed resistance to eight antibiotic classes (Table 4). Similarly, six 227 

of the E. coli isolates found on two spinach samples from schools 11 and 12, as well as on two 228 

onion samples from schools 7 and 8, and two tomato samples from schools 10 and 11 were 229 

resistant to seven classes of antibiotics. Escherichia coli isolates that were resistant to nine 230 

classes of antibiotics were found on one carrot sample and two spinach samples, all obtained 231 

from school 7.  232 

Antimicrobial resistance screening of extended spectrum β-lactamase- and 233 

AmpCproducing Escherichia coli, Enterobacter and Klebsiella species  234 

Of the 41 ESBL and/or AmpC-producing isolates, 47.8% were AmpC producers, 78.0% were 235 

ESBL- producers, while 24.4% were both AmpC and ESBL producers.  These included E. coli 236 

(n=11), Enterobacter spp. (n=13), Klebsiella spp. (n=17). Of these 41 AmpC and/or ESBL- 237 
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producing isolates, 97.6% were resistant to neomycin and nitrofurantoin followed by 95.1% of 238 

the isolates showing resistance to both ampicillin and amoxicillin. Resistance to tetracycline 239 

and trimethoprim was seen in 82.9% and 87.8% of the E. coli isolates, respectively, whereas 240 

resistance to ciprofloxacin and amoxicillin/clavulanic acid was seen in 78.1% of the isolates. 241 

Resistance to cefoxitin, gentamicin and chloramphenicol was seen in 39.0%, 34.2% and 22.0% 242 

of the isolates, respectively. Only 14.6% of the isolates were resistant to imipenem, an antibiotic 243 

belonging to the carbapenem class of antibiotics. Resistance against the third generation 244 

cephalosporins, cefotaxime, ceftazidime and cefpodoxime was found seen in 78.1%, 82.9% as 245 

well as 97.6% of ESBL and/or AmpC- producing Enterobacteriaceae.  About 90.0% of these 246 

isolates were resistant to cefepime, a fourth-generation cephalosporin. Multidrug resistance 247 

was seen in 100% of the ESBL- and/or AmpC-producing  248 

Enterobacteriaceae isolates, with up to 46.3% of these isolates resistant to eight classes of 249 

antibiotics (Table 5).   250 

Discussion   251 

Fresh produce is included in global and the national school feeding menus in addition to the 252 

starch and protein component to ensure that learners get the required vitamins, minerals and 253 

nutrients daily (Rendall-Mkosi et al. 2013). Most vegetables are cooked and fruit such as 254 

apples, bananas and oranges are served raw. However, the present study has shown that fresh 255 

produce grown and supplied to schools in the Gauteng and Mpumalanga Provinces are not 256 

always compliant with food safety criteria (based on  previous SA Department of Health 257 

guidance, under review) Public Health England and the Hong Kong Centre for Food Safety 258 

criteria (Department of Health 2010; Public Health England 2013; Hong Kong Centre for Food 259 

Safety 2014) due to the presence of MDR E. coli and ESBL and/or AmpC- producing 260 

Enterobacteriaceae as well as coliforms, E. coli and S. aureus.  261 

In this study, 86.0% and 31.0% of the fresh produce (from the school gardens and those 262 

delivered to the school), exceeded the coliform and E. coli guidelines respectively based on the 263 

previous Department of Health guidelines, (Department of Health 2010). Keeping in mind that 264 

fresh produce are grown on smaller scale at schools and are mostly supplied to the school by 265 

independent suppliers based on the Department of Basic Education procurement processes 266 

(Rendall-Mkosi et al. 2013).   267 

Du Plessis et al. (2017) described mean coliform counts of 4.0 log cfu/g-1 and 3.3 log cfu/g-1 268 

for cabbage samples obtained from vendors and retailers, respectively. These were comparable 269 

to the mean coliform counts observed from cabbage samples in this study.  While the mean E. 270 
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coli count for spinach in this study, did not exceed 1.1 log cfu/g-1, similar to those reported by 271 

Du Plessis et al. (2017) (0.8 log cfu/g-1 and 0.4 log cfu/g-1).  Similarly, an E. coli mean count 272 

of 0.7 log cfu/g-1 for spinach was reported by Johnston et al. (2005), also lower than the mean 273 

E. coli count for spinach in the present study.   274 

Escherichia coli (n=43) isolates were detected on fresh produce samples from the garden and 275 

storeroom of the schools. Moreover, 20.0% of spinach samples indicated the presence of E. 276 

coli isolates in the present study. In a study by Jongman and Korsten (2016), E. coli was found 277 

on 18.0% of baby spinach, 20.0% of lettuce and 27.0% of cabbage samples. The E. coli 278 

prevalence on spinach was similar to that of E. coli found in our study.  However, no E. coli 279 

was found on the lettuce samples, while E. coli were found on 10% of cabbage samples in this 280 

study.  In contrast to our study, E. coli was found on up to 73.3% and 100% of spinach samples 281 

as well as 3.3% and 6.7% cabbage samples from retailers and street vendors respectively in SA 282 

(Du Plessis et al., 2017).  These authors also found an E. coli prevalence of 8.3% on onion 283 

samples from a farm, which was higher than the 3.7% found in our study for onions obtained 284 

from the garden. For onions obtained from the storeroom, the prevalence of E. coli was 7.1%. 285 

Due to the general lack of cold room storage facilities at schools visited and subsequent results 286 

found in this study, it is considered important to assess the influence of storage on the 287 

microbiological quality of fresh produce in schools.   288 

When compared to the SA Department of Health, Public Health England, and Hong Kong’s 289 

Centre for Food Safety Microbiological Guidelines, levels of coliform, E. coli, 290 

Enterobacteriaceae and S. aureus on fresh produce in this study, were found unsatisfactory 291 

(Department of Health 2010; Public Health England 2013; Hong Kong Centre for Food Safety 292 

2014). This highlights the importance of mitigation through proper washing and cooking 293 

(Bacon et al., 2003).  Cooking may decrease the levels of bacteria on food (Wang et al., 2012). 294 

However, this does not apply to S. aureus, toxins (Bintsis 2017). The bacteria may be 295 

susceptible to heat, but the toxins may survive and be able to cause disease (Bintsis 2017). 296 

Cross contamination after cooking may also occur (Murray et al., 2017). Therefore, it is 297 

important that proper hygiene practices are followed to prevent foodborne diseases (Bacon et 298 

al., 2003). Not all fresh produce at the schools is washed and cooked before consumption. 299 

Apples were found not to harbor any pathogens in this study, and were the main fruit served at 300 

the schools visited. The washing of fresh produce with adequate sanitisers is also important in 301 

decreasing potential pathogen contamination. (Gil et al. 2009; Olaimat and Holley 2012). 302 

Allende et al. (2008) demonstrated in their study the need for wash water sanitisers to 303 
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effectively eliminate pathogens in water. The schools visited did not use water sanitisers and 304 

relied on only using potable water to wash the apples (observation). However, potable water 305 

was not always available at these schools due to lack of resources or water cuts in their 306 

respective areas, further posing a challenge to maintaining adequate facility and personal 307 

hygiene in food preparation facilities.     308 

In contrast to the present study where E. coli isolates detected did not harbour the diarrheagenic 309 

virulence genes that were screened for, other studies have detected pathogenic E. coli on fresh 310 

produce. Castro-Rosas et al. (2012) found stx1, stx2 and ial virulence genes in E. coli isolated 311 

from spinach, tomato and lettuce, whereas du Plessis et al. (2015) was able to detect the stx1 312 

gene in E. coli detected on onions. Although no diarrheagenic virulence genes were detected in 313 

E. coli isolates in the present study, 60.4% and 62.8% of the E. coli isolates displayed resistance 314 

to ampicillin and amoxicillin, respectively. Furthermore, 55.8% of these E. coli isolates in our 315 

study were resistant to tetracycline and trimethoprim/sulfamethoxazole. Ampicillin resistance 316 

has also been reported in previous studies to be high among E. coli. Rasheed et al. (2014) found 317 

the dominant type of resistance to be to ampicillin and amoxycillin, followed by tetracycline, 318 

cotrimoxazole and streptomycin. Tetracycline resistance in this study was found to be 55.8%, 319 

higher than that reported by Faour-Klingbeil et al. (2016) which was 42.0%.   320 

Multidrug resistance was seen in 67.0% of the E. coli isolates detected on fresh produce in the 321 

study carried out by Faour-Klingbeil et al. (2016) similar to our study where 60.5% of the E. 322 

coli isolates were multidrug resistant. The most used antibiotics in animal production systems 323 

are tetracyclines, aminoglycosides and penicillin’s (Kimera et al., 2020). Similarly, penicillin’s 324 

and tetracyclines as well as sulfonamides (trimethoprim) are also widely used in the SA public 325 

health sector (Schellack et al., 2017).  Escherichia coli isolates in this study were mostly 326 

resistant to penicillin’s, trimethoprim and tetracyclines, indicating that the widespread use of 327 

these antibiotics may be contributing to and may be leading to MDR development in bacterial 328 

pathogens. The implications for particularly immunocompromised people, who may be 329 

exposed to these resistant bacteria through fresh produce handling is of concern due to obvious 330 

more limited treatment options (Schellack et al., 2017).   331 

Our study also indicated that ESBL and/or AmpC- producing E. coli, Enterobacter spp. and 332 

Klebsiella spp. are present on fresh produce. Furthermore, these isolates were resistant to 333 

cefotaxime (78.1%), ceftazidime (82.1%), cefpodoxime (97.6%) third-generation 334 

cephalosporins as well as cefepime (90.2%), a fourth-generation cephalosporin. Kim et al. 335 

(2015) and Zurfluh et al. (2015) reported 100% and 88.3% resistance to cefotaxime in 336 
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ESBLproducing Enterobacteriaceae isolates, higher than in our study. However, resistance to 337 

ceftazidime (15.8%) and cefepime (10.2%) was lower in the study by Kim et al. (2015).  338 

Resistance to non-β lactam antibiotics was found in this study, with resistance to nitrofurans 339 

and aminoglycosides antibiotic classes being dominant. Similar to our study, Richter et al. 340 

(2019) also reported that 94.8% of Enterobacteriaceae isolates were resistant to the 341 

aminoglycoside class.  A 100% resistance to ampicillin was reported by Mesbah Zekar et al. 342 

(2017).  However, in our study, 95.1% of the ESBL and/or AmpC- producing isolates were 343 

resistant to ampicillin. In contrast to our study, a 100% of ESBL producing Enterobacteriaceae 344 

isolates were susceptible to ampicillin.   345 

Carbapenem resistance has come under the spotlight in SA as carbapenem resistant 346 

Enterobacteriaceae have caused outbreaks in hospitals (NICD, 2019; SAnews, 2020). 347 

Although, these outbreaks were not related to food, these bacteria are able to genetically 348 

transfer their antimicrobial resistance to other related bacteria. The present study found 349 

carbapenem resistance in 14.6% of the ESBL and/or AmpC- producing Enterobacteriaceae, 350 

higher than the 0% and 10.6% resistance previously reported in similar studies (Kim et al.,  351 

2015; Singh et al., 2017). Multidrug resistance  was reported in 100% of the ESBL and/or 352 

AmpC- producing Enterobacteriaceae isolates in this study, whereas in other studies it was 353 

reported to be 96.1% (Richter et al., 2019) and 78.3% (Zurfluh et al., 2015). The CDC (2013) 354 

and WHO (2016) have described carbapenem resistant Enterobacteriaceae as a huge threat. 355 

These bacteria are resistant to almost all antibiotics and cause death in half of the patients 356 

infected with them. Therefore, antimicrobial resistance, moreover, carbapenem resistance in 357 

Enterobacteriaceae isolates found on fresh produce at schools is concerning.   358 

Raw fresh produce samples obtained from surveyed schools in this study were found to not 359 

always comply with generally considered levels of coliform, E. coli, Enterobacteriaceae as well 360 

as S. aureus. Thus, a need for a national improved food safety strategy is needed to prevent 361 

foodborne disease outbreaks at schools and to better monitor produced and procured fresh 362 

produce.  Forthcoming studies should focus on investigating the implementation of good food 363 

safety management principles at schools to ensure food is safe for consumption. Future studies 364 

should seek to determine the potential link between the microbiological quality of fresh produce 365 

grown and served at schools to the production and handling practices. The training of food 366 

handlers at these schools is imperative and should be conducted on a regular basis. Similarly, 367 

the state of food safety at schools should also be monitored and audited as part of a food safety 368 

assurance system. Additionally, quantitative microbial risk assessment studies should be done 369 
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to determine the risk involved when school children are exposed to certain foods provided 370 

through the school feeding scheme or sold in or near school premises. We envisage that the 371 

results of this study will be considered by international and national governments to develop 372 

new policies and guidelines that will help to safeguard the safety of food provided in the 373 

national school feeding programme.  374 

Acknowledgements   375 

The authors would like to acknowledge the financial assistance of the Department of Science 376 

and Innovation (DSI) - National Research Foundation (NRF) Centre of Excellence in Food  377 

Security under the Food Safety Programme’s (Project 160301 and 160302) for establishment 378 

and maintaining the virtual microbial database. Ms Thabang Msimango would like to 379 

acknowledge the NRF for her MSc scholarship. Opinions expressed and conclusions arrived 380 

at, are those of the authors and are not necessarily attributed to the NRF. The authors would 381 

like to acknowledge Ms Zama Zulu for assistance with MALDI-TOF MS identification. The 382 

authors would also like to acknowledge the Department of Basic Education for their assistance 383 

in contacting the relevant Provincial and District Education Departments as well as the Gauteng 384 

Province and Mpumalanga Province Departments of Education for granting permission to 385 

access the schools in their respective districts.  386 

Conflict of interest   387 

The authors declare no conflict of interest.  388 

Data availability statement  389 

The data that support the findings of this study are available from the corresponding author 390 

upon reasonable request.  391 

References  392 

Aycicek, H., Oguz, U. & Karci, K. (2006) Determination of total aerobic and indicator bacteria 393 

on some raw eaten vegetables from wholesalers in Ankara, Turkey. Int J Hyg Environ Health. 394 

209 (2), 197-201.  395 

Bauer, A.W., Kirby, W.M., Sherris, J.C. & Turck, M. (1966) Antibiotic susceptibility testing by 396 

a standardized single disk method. Am. J. Clin. Pathol. 45, 493–496.  397 

Becker, K., Heilmann, C. & Peters, G. (2014) Coagulase-Negative Staphylococci. Clin. 398 

Microbiol. 27 (4), 870-926.  399 

Blaak, H., Hoek, A.H.A.M. van, Veenman, C., Docters van Leeuwen, A.E., Lynch, G.,  400 



 

14  

  

Overbeek, W.M. & van de Roda Husman, A.M. (2014) Extended spectrum β-lactamase- and 401 

constitutively AmpC-producing Enterobacteriaceae on fresh produce and in the agricultural 402 

environment. Int. J. Food Microbiol 168–169, 8–16.  403 

Bundy, D., Burbano, C., Grosh, M., Gelli, A., Jukes, M., & Drake, L. (2009) Rethinking school 404 

feeding: Social safety nets, child development and the education sector. The World Bank  405 

[Online]  Available  at:  406 

https://documents.wfp.org/stellent/groups/public/documents/reports/wfp284207.pdf 407 

[Accessed 18 February 2017].  408 

Calbo, E., Freixas, N., Xercavins, M., Riera, M., Nicolá, C., Monistrol, O., Mar Solé, M. Del,  409 

Sala, M.R., Vila, J. & Garau, J. (2011) Foodborne Nosocomial Outbreak of SHV1 and CTXM-410 

15-producing Klebsiella pneumoniae: Epidemiology and Control. Clinical Infectious Diseases, 411 

52(6), 743-749.  412 

Cardamone, C., Aleo, A., Mammina, C., Oliveri, G. & Di Noto, A. (2015) Assessment of the 413 

microbiological quality of fresh produce on sale in Sicily, Italy: preliminary results. J Biol Res 414 

(Thessalon) 22(1), 1-6.  415 

Centers for Disease Control and Prevention. (2013) Antibiotic threats in the United States  416 

[Online] Available at: https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-417 

threats2013-508 [Accessed 18 March 2019].  418 

Chabalala, J. (2017) Limpopo boys die after eating snacks allegedly picked from the street. 419 

News24, [online] Available at: https://www.news24.com/SouthAfrica/News/2-limpopo-420 

boysdie-after-eating-snacks-allegedly-picked-from-the-street-20171111 [Accessed 21 April 421 

2020]. Cruz, C.B. da, Souza, M.C. de, Serra, P.T., Santos, I., Balieiro, A., Pieri, F.A., Nogueira, 422 

P.A. & Orlandi, P.P. (2014) Virulence Factors Associated with Pediatric Shigellosis in Brazilian 423 

Amazon. BioMed Res. Int. 2014.  424 

Department of Basic Education. (2015) National School Nutrition Programme menu. [Online] 425 

Pretoria: Department of Education. Available at: https://www.education.gov.za  [Accessed 8 426 

March 2017].  427 

Department of Basic Education. (2019) Annual Report, 2018/2019. [Online] Pretoria: 428 

Department of Education. Available at: https://www.education.gov.za  [Accessed 21 February 429 

2020].  430 

Du Plessis, E., Duvenage, F. & Korsten, L. (2015) Determining the Potential Link between 431 

Irrigation Water Quality and the Microbiological Quality of Onions by Phenotypic and 432 

Genotypic Characterization of Escherichia coli Isolates. J. Food Prot. 78(4), 643–651.  433 

https://documents.wfp.org/stellent/groups/public/documents/reports/wfp284207.pdf
https://documents.wfp.org/stellent/groups/public/documents/reports/wfp284207.pdf
https://documents.wfp.org/stellent/groups/public/documents/reports/wfp284207.pdf
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.news24.com/SouthAfrica/News/2-limpopo-boys-die-after-eating-snacks-allegedly-picked-from-the-street-20171111
https://www.education.gov.za/
https://www.education.gov.za/
https://www.education.gov.za/
https://www.education.gov.za/


 

15  

  

Du Plessis, E.M., Govender, S., Pillay, B. & Korsten, L. (2017) Exploratory Study into the 434 

Microbiological Quality of Spinach and Cabbage Purchased from Street Vendors and Retailers 435 

in Johannesburg, South Africa. J. Food Prot. 80(10), 1726–1733.  436 

Falomir, M., Gozalbo, D. & Rico, H. (2010) Coliform bacteria in fresh vegetables: from 437 

cultivated lands to consumers. Current research, Technology and Education Topics in Applied 438 

Microbiology and Microbial Biotechnology, 1175-1181.  439 

Faour-Klingbeil, D., Murtada, M., Kuri, V. & Todd, E.C.D. (2016) Understanding the routes of 440 

contamination of ready-to-eat vegetables in the Middle East. Food Control, 62, 125-133. 441 

Graham, L., Hochfield, T., Stuart, L. & Van Gent, M. (2015) Evaluation study of the school 442 

nutritional programme and the Tiger Brands Foundation in-school breakfast programme in the 443 

Lady Frere and Qumbu districts of Eastern Cape  444 

Hamilton, M.J., Hadi, A.Z., Griffith, J.F., Ishii, S. & Sadowsky, M.J. (2010) Large scale 445 

analysis of virulence genes in Escherichia coli strains isolated from Avalon Bay, CA. Water 446 

Res. 44, 5463–5473.  447 

Havelaar, A., Kirk, M., Togerson, P., Gibb, H., Hald, T., Lake, R., Praet, N., Bellinger, D. & De 448 

Silva, N. (2015) World Health Organization global estimates and regional comparisons of the 449 

burden of foodborne disease in 2010. PLOS Medicine, 1-23.  450 

Johnston, L.M., Jaykus, L.-A., Moll, D., Martinez, M.C., Anciso, J., Mora, B. & Moe, C.L. 451 

(2005) A field study of the microbiological quality of fresh produce. J. Food Prot. 68(9), 1840– 452 

1847.  453 

Kim, H.-S., Chon, J.-W., Kim, Y.-J., Kim, D.-H., Kim, M. & Seo, K.-H. (2015) Prevalence and 454 

characterization of extended-spectrum-β-lactamase-producing Escherichia coli and Klebsiella 455 

pneumoniae in ready-to-eat vegetables. Int. J Food Microbiol. 207, 83–86. Kirk, M., Angulo, 456 

F., Havelaar, A. & Black, R. (2016) Diarrhoeal disease in children due to contaminated food. 457 

Bulletin of the World Health Organization, 95(3), 233-234.  458 

Lavilla, S., Gonzá Lez-Ló Pez, J.J., Miró, E., Domínguez, A., Llagostera, M., Bartolomé, R.M., 459 

Mirelis, B., Navarro, F. & Prats, G. (2008) Dissemination of extended-spectrum β-460 

lactamaseproducing bacteria: the food-borne outbreak lesson. J.  Antimicrob Chemother. 61, 461 

1244-1251. Li, C., Milanoví, V., Ryan, M.P., Wu, Q., Ye, Q., Zhang, S., Zhang, J., Yang, G., 462 

Wang, J., Xue, L. & Chen, M. (2018) Characterization of Extended-Spectrum β-Lactamase-463 

Producing Enterobacteriaceae from Retail Food in China. Front. Microbiol. 1, 1709.  464 

Lindsay, J. A. (1997) Chronic sequelae of foodborne disease. Emerg. Infect. Dis. 3(4), 443452.  465 



 

16  

  

López-Saucedo, C., Cerna, J.F., Villegas-Sepulveda, N., Thompson, R., Raul Velazquez, F., 466 

Torres, J., Tarr, P.I. & Estrada-García, T. (2003) Single Multiplex Polymerase Chain Reaction 467 

to Detect Diverse Loci Associated with Diarrheagenic Escherichia coli. Emerg. Infect. Dis. 468 

9(1), 127-131.  469 

Lukac, P.J., Bonomo, R.A. & Logan, L.K. (2015) Extended-Spectrum β-Lactamase-Producing 470 

Enterobacteriaceae in Children: Old Foe, Emerging Threat. Healthcare Epidemiology, 60, 471 

1389-1397.  472 

Makheta, T. (2017) Chemicals in school’s food blamed for pupil’s death. IOL News [Online] 473 

Available at: https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-474 

foodblamed-for-pupils-death-8194343 [Accessed 17 June 2017].  475 

Mesbah Zekar, F., Granier, S., Marault, M., Yaici, L., Gassilloud, B., Manceau, C., Touati, A. 476 

& Millemann, Y. (2017) From Farms to Markets: Gram-Negative Bacteria Resistant to Third 477 

Generation Cephalosporins in Fruits and Vegetables in a Region of North Africa. Front.   478 

Microbiol. 1, 1569.  479 

Msomi, N. (2017) Inspectors unearth a rat infestation at Gauteng School following poisoning. 480 

News24, [online] Available at: https://mg.co.za/article/2017-02-22-food-poisoning-on-481 

theincrease-at-sa-schools/  [Accessed 11 March 2017].  482 

Nelson, G.C., Rosegrant, M.W., Palazzo, A., Gray, I., Ingersoll, C., Robertson, R., Tokgoz, S. 483 

& Zhu, T. (2010) Food security, farming and climate change to 2050; scenarios, results, policy 484 

options. International Food Policy Research Institute [Online] Available at: 485 

https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050 [Accessed 486 

16 June 2017].  487 

National Institute of Communicable Diseases. (2017) Foodborne Disease Outbreaks Reported 488 

to the NICD, January to June 2017. [Online] Johannesburg: National Institute for 489 

Communicable Diseases. Available at: http://www.nicd.ac.za  [Accessed 16 July 2018].  490 

National Institute for Communicable Diseases. (2019) Carbapenem-resistant Klebsiella 491 

pneumoniae outbreak at a hospital in the City of Cape Town Metropolitan Municipality. 492 

[Online] Available at: www.nicd.ac.za [Accessed 18 October 2019].  493 

News Desk.  (2016) More than 1000 students in 10 schools hit with food poisoning. Food Safety 494 

News [Online] Available at: www.foodsafetynews.com/2016/10/more-than-1000students-in-495 

10-schools-hit-with-food-poisoning/ [Accessed 17 March 2017].  496 

Omar, K.B. & Barnard, T.G. (2010) The occurrence of pathogenic Escherichia coli in South 497 

African wastewater treatment plants as detected by multiplex PCR. Water SA, 36, pp.172–176. 498 

https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://www.iol.co.za/news/south-africa/north-west/chemicals-in-schools-food-blamed-for-pupils-death-8194343
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://mg.co.za/article/2017-02-22-food-poisoning-on-the-increase-at-sa-schools/
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
https://www.ifpri.org/publication/food-security-farming-and-climate-change-2050
http://www.nicd.ac.za/
http://www.nicd.ac.za/
http://www.nicd.ac.za/
http://www.nicd.ac.za/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/
http://www.foodsafetynews.com/2016/10/more-than-1000-students-in-10-schools-hit-with-food-poisoning/


 

17  

  

Park, S., Szonyi, B., Gautam, R., Nightingale, K., Anciso, J. & Ivanek, R. (2012) Risk factors 499 

for microbial contamination in fruits and vegetables at the preharvest level: A systematic 500 

review. J. Food Prot. 75(11), 2055-2081.  501 

Pitout, J.D.D. & Laupland, K.B. (2008) Enterobacteriaceae: an emerging public-health 502 

concern. Lancet Infect Dis 8, 159–166.  503 

Rendall-Mkosi, K., Wenhold, F. & Sibanda, N. (2013) Case study of the National School  504 

Nutrition Programme in South Africa. [online] Pretoria: School of Health Systems and Public  505 

Health,  University  of  Pretoria.  Available 506 

at:http://www.eldis.org/go/home&id=68505&type=Document#.VyXYMPl96Cg  [Accessed 9 507 

March 2018].  508 

Richter, L., Plessis, E.M. Du, Duvenage, S. & Korsten, L. (2019) Occurrence, Identification, 509 

and Antimicrobial Resistance Profiles of Extended-Spectrum and AmpC β-510 

LactamaseProducing Enterobacteriaceae from Fresh Vegetables Retailed in Gauteng Province, 511 

South Africa. Foodborne Pathog Dis 16(6), 421–427.  512 

SAnews. (2013) Department probes food poisoning in Ekhuruleni school.  SAnews [Online] 513 

Available at: www.SAnews.gov [Accessed 3 April 2017].  514 

SAnews. (2020) Health implements plan to contain CRE outbreak. SAnews [Online] 515 

Available at:  https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-516 

outbreak  [Accessed 8 March 2020].  517 

Schmidt, H., Knop, C., Franke, S., Aleksic, S., Heesemann, J., Schmidt, H., Knop, C., Franke, 518 

S., Aleksic, S., Heesemann, R. & Karch, H. (1995) Development of PCR for screening of 519 

enteroaggregative Escherichia coli. J. Clin. Microbiol. 33, 701–705.  520 

Seow, J., ágoston, R., Phua, L. & Yuk, H.G. (2012) Microbiological quality of fresh vegetables 521 

and fruits sold in Singapore. Food Control, 25, 39–44.  522 

Sethabutr, O., Echeverria, P., Hoge, C.W., Bodhidatta, L. & Pitarangsi, C. (1994) Detection of 523 

Shigella and enteroinvasive Escherichia coli by PCR in the stools of patients with dysentery in 524 

Thailand. J. Diarrhoeal Dis. Res. 12(4), 265-269.  525 

Shonhiwa, A. M., Ntshoe, G., Vivien, E., Thomas, J. & Kerrigan, M. (2018) A review of 526 

foodborne disease outbreaks reported to the outbreak response unit. National Institute for 527 

Communicable Disease Communique, 16(1), 3-8.  528 

Sibanyoni, J. J. & Tabit, F. T. (2016) Assessing the food safety attitudes and awareness of 529 

managers of school feeding programmes in Mpumalanga, South Africa. J. Community Health, 530 

1-10.  531 

http://www.eldis.org/go/home%26id=68505%26type=Document#.VyXYMPl96Cg
http://www.eldis.org/go/home%26id=68505%26type=Document#.VyXYMPl96Cg
http://www.sanews.gov/
http://www.sanews.gov/
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak
https://www.sanews.gov.za/south-africa/health-implements-plan-contain-cre-outbreak


 

18  

  

Silva, G., Abayasekara, C. & Dissanayake, D. (2013) Freshly Eaten Leafy Vegetables: A Source 532 

of Food Borne Pathogens? Ceylon J. Sci. (Bio. Sci.), 42, 95–99.  533 

Singh, A. S., Lekshmi, M., Prakasan, S., Nayak, B. B. & Kumar, S. (2017) Multiple 534 

AntibioticResistant, Extended Spectrum-β-Lactamase (ESBL)-Producing Enterobacteria in 535 

Fresh Seafood. Microorganisms, 53(5), 1-10.  536 

Standing, T., du Plessis, E., Duvenage, S. & Korsten, L. (2013) Internalisation potential of 537 

Escherichia coli O157:H7, Listeria monocytogenes, Salmonella enterica subsp. enterica 538 

serovar Typhimurium and Staphylococcus aureus in lettuce seedlings and mature plants. J.  539 

Water Health, 11(2), 210-223.  540 

Stewart, G. (2017) Staphylococcal Food Poisoning. In: C. Dodd, T. Aldsworth, R. Stein, D. 541 

Cliver and H. Riemann, ed., Foodborne diseases, 3rd ed. Elsevier.  542 

Ta, Y., Nguyen, T.., To, P.B., Pham, D.X., Le, H.T.., Thi, G.N., Alali, W.Q., Walls, I. & Doyle, 543 

M.P. (2014) Quantification, serovars, and antibiotic resistance of Salmonella isolated from 544 

retail raw chicken meat in Vietnam. J. Food Prot. 77, 57–66.  545 

Weichselbaum, E. & Buttriss, J.L. (2014) Diet, nutrition and schoolchildren: An update. Britain 546 

Foundation Nutrition Bulletin, 39, 9–73.  547 

World Food Programme. (2019) The impact of school feeding programmes. WFP [Online] 548 

Available at: https://docs.wfp.org/api/documents/wfp-0000102338/download/ [Accessed 20 549 

June 2019].  550 

World Food Programme. (2021) The State of School Feeding Worldwide 2020. WFP [Online]  551 

Available  at:  https://reliefweb.int/report/world/state-school-feeding-worldwide-2020 552 

[Accessed 13 June 2022].  553 

World Health Organization. (2015) WHO estimates of the global burden of foodborne disease.  554 

WHO  [Online]  Available  at: 555 

http://www.who.int/foodsafety/publications/foodborne_disease/fergreport/en/ [Accessed 6 556 

March 2017].  557 

World Health Organization. (2016) Global action plan on AMR. WHO [Online] Available at: 558 

https://www.who.int/antimicrobial-resistance/global-action-plan/en/ [Accessed 17 May 2017]. 559 

Xu, A., Pahl, D., Buchanan, R. & Micallef, S. (2015) Comparing the Microbiological Status of 560 

Pre- and Postharvest Produce from Small Organic Production. J. Food Prot. 78(6), 1072-1080. 561 

Zurfluh, K., Berner, ZihlerNüesch-Inderbinen, M., Morach, M., Zihler Berner, A. & Stephan, 562 

R. (2015) Extended-spectrum B-lactamase-producing Enterobacteriaceae isolated from 563 

vegetables imported from the Dominican Republic, India, Thailand, and Vietnam. Appl.  564 

https://docs.wfp.org/api/documents/wfp-0000102338/download/
https://docs.wfp.org/api/documents/wfp-0000102338/download/
https://docs.wfp.org/api/documents/wfp-0000102338/download/
https://docs.wfp.org/api/documents/wfp-0000102338/download/
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
https://reliefweb.int/report/world/state-school-feeding-worldwide-2020
http://www.who.int/foodsafety/publications/foodborne_disease/fergreport/en/
http://www.who.int/foodsafety/publications/foodborne_disease/fergreport/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/


 

19  

  

Environ. Microbiol. 81, 3115–3120.  565 

  566 



Table  

20  

  

1. Genes that were screened for, primers used and cycling conditions.   

Gene  Primer 

type  Primer (5’ – 3’)  

Primer  

concentration (µM)   

Positive controls  Primer specific 

annealing  
Amplicon  

size (bp)  

Reference  

stx 1  Forward  ACA CTG GAT GAT CTC AGT GG  
30  ATCC 35150   55°C   614  1  

 Reverse  CTG AAT CCC CCT CCA TTA TG       

stx 2  Forward  CCA TGA CAA CGG ACA GCA GTT  
30  ATCC 35150   55°C   779  1  

 Reverse  CCT GTC AAC TGA GCA CTT TG       

eaeA  Forward  CTG AAC GGC GAT TAC GCG AA  
60  ATCC 35150   55°C  917  1  

 Reverse  GAC GAT ACG ATC CAG       

bfpA  Forward  

Reverse  

AAT GGT GCT TGC GCT TGC TGC  

GCC GCT TTA TCC AAC CTG GTA  
21  

DSM 8703, DSM  

8710  
68°C   324  2  

lt  Forward  GGC GAC AGA TTA TAC CGT GC  
40  

DSM 10973  
68°C   410  3  

 Reverse  CGG TCT CTA TAT TCC CTG TT   DSM 27503     

st  
Forward  

TTT CCC CTC TTT TAG TCA GTC AAC  

TG  
20  

DSM 10973  
68°C  160  3  

 
Reverse  

GGC AGG ATT ACA ACA AAG TTC  

ACA  

 
DSM 27503  

   

pCVD4321AA  

probe  

Forward  

Reverse  

CTG GCG AAA GAC TGA ATC AT  

CAA TGT ATA GAA ATC CGC TGT T  
30  DSM 27502  53°C  630  4  

ipaH  
Forward  

GTT CCT TGA CCG CCT TTC CGA       

 

Reverse  

TAC CGT C   

GCC GGT CAG CCA CCC TCT GAG  

AGT AC  

42  DSM 9028, DSM  

9034  

60°C  600  5  
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ial  Forward  

Reverse  

GGT ATG ATG ATG ATG ATG GGC   

GGA GGC CAA CAA TTA TTT CC  20  
DSM 9028, DSM  

9034  55°C  630  6  

1: Omar and Barnard (2010); 2: López-Saucedo et al. (2003); 3: Pass et al. (2000); 4: Schmidt et al.( 1995); 5: Sethabutr et al. (1994); 6: da Cruz et al. (2014). *ATCC 25922 was used as a 

negative control and PCR grade water additionally used the non-template control.  

2: Enterobacteriaceae, coliforms, Escherichia coli and Staphylococcus aureus counts (log cfu/g-1) on fresh produce obtained from school gardens  

Fresh produce type (n)  Enterobacteriaceae   Coliforms  Escherichia coli  Staphylococcus aureus  

Range, min-

maxa  

Mean±SDb  Range, 

min-max 

Mean±SD  

  

Range, min-

max  

Mean±SD  Range, min-

max  

Mean±SD  

Cabbage (20)  0.00-6.90  5.12±1.80  3.53-5.16   4.46±0.49  0.00-3.00  0.80±0.96  0.00-3.54  1.74±1.16  

Carrots (17)  3.59-5.69  4.74±0.59  1.35-4.75   2.92±1.04  0.00-1.079  0.26±0.41  0.00-3.28  0.97±1.08  

Chinese spinach (13)  2.19-6.15  4.73±1.26  1.64-5.01   3.55±1.33  0.00-3.32  0.76±1.21  2.00-5.02  3.49±1.05  

Lettuce (5)  4.12-5.10  4.62±0.36  3.09-4.72   4.08±0.60  0.00-0.00  0.00±0.00  0.78-1.88  1.25±0.38  

Onions (27)  2.52-5.77  4.48±1.00  0.00-5.39   3.63±1.12  0.00-3.05  0.39±0.95  0.00-3.60  1.44±1.21  

Spinach (110)  0.00-6.97  4.73±1.17  0.00-5.97   3.89±0.94  0.00-4.57  1.06±1.27  0.00-4.51  2.34±1.35  

a: The range indicates the minimum (min) and maximum (max) log cfu/g-1 for each fresh produce type. b: SD represents the standard deviation.  

  

Table 3: Enterobacteriaceae, coliforms, Escherichia coli and Staphylococcus aureus counts (log cfu/g-1) on fresh produce obtained from school storerooms  

Fresh produce type (n)  Enterobacteriaceae  Coliforms  Escherichia coli  Staphylococcus aureus  

Range, 

min-maxa  

Mean±SDb  Range, 

min-max  

Mean±SD  Range, 

min-max  

Mean±SD  Range, 

min-max  

Mean±SD  

Apples (27)  0.00-6.49  3.37±1.66  0.00-5.62  2.46±1.44  0.00-1.44  0.07±0.28  0.00-3.08  0.98±0.94  

Cabbage (39)  0.00-6.81  5.02±1.84  0.00-6.14  3.68±1.75  0.00-3.60  0.50±1.00  0.00-3.86  1.23±1.30  
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Carrots (9)  4.73-6.63  5.38±0.76  3.60-4.75  4.28±0.35  0.00-2.85  0.50±0.97  0.78-2.78  1.14±0.81  

Onions (42)  1.49-5.35  3.56±1.13  1.20-4.88  3.04±1.16  0.00-4.26  0.36±0.94  0.00-2.95  1.49±1.00  

Tomatoes (12)  4.42-6.43  5.65±0.68  0.00-4.85  3.11±1.83  0.00-2.43  0.61±0.91  0.00-2.70  1.47±1.06  

a: The range indicates the minimum (min) and maximum (max) log cfu/g-1 for each fresh produce type. b: SD represents the standard deviation  

  

  

4. Antimicrobial resistance patterns of Escherichia coli found on fresh produce obtained from schools in the Gauteng and Mpumalanga Provinces  

Number of 

classes 

resistant to  

Number  

(percentage) of 

isolates resistant to 

antibiotic classes  

Most frequent antibiotic resistance pattern displayed by isolate  

(number of isolates)  

Fresh produce types  

0  10 (23.26)    Spinach (9), Chinese spinach (1)  

1  3 (6.98)  *  Spinach (2), carrots (1)  

2  3 (6.98)  CIP5C, S10C (2)  Spinach (3)  

3  1 (2.33)  *  Carrots  

4  3 (6.98)  A10C, AP10C, TS25C, T30C (2)  Spinach (2), cabbage (1)  

5  2 (4.65)  KF30C, N300C, A10C, AP10C, TS25C, T30C (2)  Spinach (1), tomatoes (1)  

6  4 (9.30)  KF30C, N300C, NA30C, A10C, AP10C, TS25C, T30C (4)  Cabbage (1), Carrots (1), tomatoes (1), spinach (1)  

7  6 (13.95)  CTX30C, CIP5C, KF30C, S10C, A10C, AP10C, T30C (5)  Spinach (2), onions (2), tomatoes (2)  

8  8 (18.60)  CTX30C, CIP5C, KF30C, N300C, S10C, A10C, AP10C,TS25C,  

T30C (8)  

Spinach (6), carrots (2)  

9  3 (6.98)  CTX30C, CIP5C, C30C, KF30C, GM10C, N300C, S10C,  

NA30C, A10C, AP10C, TS25C, T30C (3)  

Spinach (2), carrots (1)  

* Antibiotic resistance patterns for isolates demonstrating resistance to the same number of classes were all different.   
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Table 5. Antimicrobial resistance patterns of extended spectrum β-lactamase Escherichia coli, Klebsiella spp. and Enterobacter spp. found on fresh produce 

obtained from schools in the Gauteng and Mpumalanga Provinces  

 
Number of  Number of isolates  Most frequent antibiotic resistance pattern displayed by isolate  Fresh produce types 

antibiotic  resistant to the number  (number of isolates) classes   
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 of antibiotic classes  

(%)  

  

4  1 (2.44)  *  Spinach  

5  4 (9.76)  *  Spinach (1), cabbage (1), tomatoes (2)  

7  10 (24.39)  AP10C, A10C, CPM30C, TS25C, T30C, NE10C, GM10C, CPD10C,  

CAZ30C, CTX30C, CIP5C, NI300C (2)  

Spinach (5), onions (3), cabbage (1), carrots (1)  

8  19 (46.34)  AP10C, A10C, AUG30C, CPM30C, TS25C, T30C, NE10C, CPD10C,  

CAZ30C, CTX30C, CIP5C, NI300C (4)  

Spinach (8), onions (4), carrots (3), tomatoes  

(2), lettuce (1), cabbage (1)  

9  7 (17.07)  AP10C, A10C, AUG30C, FOX30C, CPM30C, TS25C, T30C, NE10C,  

GM10C, C30C, CPD10C, CAZ30C, CTX30C, CIP5C, NI300C (3)  

Spinach (6), cabbage (1)  

* Antibiotic resistance patterns for isolates demonstrating resistance to the same number of classes were all different.   

  

  


