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Abstract 

Background: Consumption of fruits and vegetables in particular those consumed in raw form poses a potential risk factor for 

infection with microbial contamination. The fatal outbreaks of enteropathogens such as Escherichia coli O104:H4 seems to fail 

the conventional wisdom of undermining infectious diseases due to the availability of advanced generations of antibiotics. In this 

context, the present study was executed to detect the presence of E.coli in the vegetables and fruits sold in the markets of  Tabuk 

city and further examine the possibility of contamination by pathogenic strain E. coli O104:H4 linked to the German outbreak. 

Methods: In this cross-sectional survey, 112 samples of market produce such as different vegetables and fruits were randomly 

collected from Tabuk city market, Saudi Arabia. Subsequently, these samples were subjected to laboratory procedures including 

microbiological studies and PCR based protocols to detect the presence of microbial contamination. 

Results: Sixteen samples (14.3%) yielded positive result in the isolation of E.coli using the enrichment and selective media like 

BPW, MAC and CT-SMAC. Further all the isolates were confirmed as E.coli using 16S rRNA-PCR. Most isolates exhibited 

multi-drug resistance with tested antibiotics. Molecular characterization for the presence of pathogenic strain E.coli O104:H4 

was carried out using multiplex real-time PCR for strain specific genes Stx1, Stx2, and eae from the 16 isolates. These isolates of 

E.coli were all negative for the three amplified genes tested. 

Conclusion: Though the pathogenic strain E.coli O104:H4 was not detected, the study highlights the potential health risk to the 

community due the presence of E. coli contamination with characteristics of antibiotic resistance in the vegetables and fruits sold 

in the markets of Tabuk city. The study warrants the need of community awareness programs advocating adoption of good 

farming practices and hygiene-based handling and marketing procedures to prevent any major outbreak associated with 

contaminated vegetables and fruits. 

Keywords: Escherichia coli; pathogenic strain; multiplex PCR; antibiotic resistance; food-borne infections 

 

Introduction 

Over the years, the consumption of fresh produce of 

vegetables and fruits has increased [1] because of the 

associated benefits of a healthy diet. However, 

minimally processed, pre-packed, ready-to eat fruit 

and vegetable [2] such as salads, may provide the 

conditions for the proliferation and survival of human 

pathogens [3]. Studies on recently emerged 

pathogens show several infectious agents to be linked 

to a food source [3,4]. Escherichia coli (E. coli) is a 

common organism found in the intestinal tract of 

humans and animals. Most E. coli do not cause 

disease in humans, but certain types may cause 

diarrhoeal disease or more serious forms of illness. 
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The enterohemorrhagic E. coli (EHEC) O157:H7 

serotype was reported to be associated with 

epidemics linked to such diverse food items as apple 

juice and spinach leaves [5]. Currently, the shiga 

toxin-producing E. coli (STEC) serotype O104:H4 

has attracted significant public interest due to its 

association with the German outbreak linked to 

sprout consumption [4]. It has been observed that 

leafy vegetables consumed as raw cuisines are most 

commonly linked to E.coli infection [3]. However, a 

study demonstrated that in certain case, neither 

cooking nor serving cooked foods hot appeared to 

offer any protection from coliform contamination or 

to make the foods “safer” [6]. In addition, sprouted 

seeds have been implicated in over 40 outbreaks of 

food borne illness [7]. The outbreak in Bordeaux was 

linked to seeds exported in 2009 from Egypt to the 

UK and then sold to France [8]. In 2011, Germany 

experienced the largest outbreak with a shiga toxin-

producing Escherichia coli strain (STEC) O104:H4 

[4]. This strain of E. coli causes an illness similar to 

infection with E. coli O157:H7. The STEC E.coli 

O104:H4 responsible for the German outbreak has 

several genetic factors that contribute to its ability to 

cause illness. These include its ability to stick to cells 

in the intestine and to produce shiga toxin. The toxin 

has deleterious consequences as it can affect multiple 

organs like the intestine that causes bloody diarrhea, 

impairing kidneys causing kidney failure, and 

sometimes affecting the nervous system as well.  

Secondary household transmission from adult 

patients has also been suggested for O104:H4 

infections in France [9] and The Netherlands  [10] 

indicating the potential risk of the infection to acquire 

epidemic proportion. The present study was carried 

out as an immediate response to the critical 

importance of public health and food safety 

advocacy. An attempt was made to detect the 

presence of E.coli in the vegetables and fruits sold in 

the markets of Tabuk city and further examine the 

possibility of contamination by pathogenic strain E. 

coli O104:H4 linked to the German outbreak. 

Materials and methods 

Materials 

Buffered peptone water, MacConkey Agar and CT-

sorbitol MacConkey agar were procured from 

Himedia Laboratories, India. Antibiotics were 

purchased from Oxoid, UK. E.coli ATCC 25922 

strain was obtained from ATCC 

(Manassas,VA,USA).All other chemicals were of 

analytical grade. 

Sampling 

In this cross sectional survey 112 samples of fresh 

vegetables and fruits were randomly collected from 

different markets of Tabuk city for possible isolation 

of the pathogens. Samples were immediately 

transferred to ice box for instant delivery to the 

laboratory. Collection was carried out for ≈ 25 gram 

of each sample per week for four weeks and included 

cucumber, bean, fenugreek seeds, tomato, lettuce, 

strawberry and cabbage (Table 1).  Cucumber, 

tomato, strawberry were cut at the terminal tips (stalk 

and calyx edges) using sterile blade and placed in 

clean, sterile polystyrene bags. The lettuce and 

cabbage, about three to five leaf (±25 gram) were 

taken and homogenized using the blender or mortar. 

For the bean and fenugreek seeds ≈25 grams of each 

sample were put in clean, sterile polystyrene bags. 

Inoculation to Enrichment and Selective Media 

All samples were subjected to homogenization using 

Stomacher 400 blender (Dynatech Laboratories) and 

further studied for enteric pathogens by use of 

published methods [6]. The prepared homogenate of 

25 gram from each sample was mixed in 225 ml of 
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Buffered Peptone water (BPW) followed by 

incubation at 37o C for 6 hrs. Subsequently, 1 - 9 ml 

of homogenate was transferred to MacConkey broth, 

mixed and incubated at 37o C for 24 hrs.  Subculture 

was carried out on the following media: MacConkey 

agar  at 37o C ; Sorbitol MacConkey agar (with 

cefixime and tellurite)  at 37o C ; Sorbitol 

MacConkey agar 44o  C. Following the 24 hours of 

incubation, growths were observed. All colonies 

which were lactose fermenter on MacConkey and 

sorbitol fermenter on Sorbitol MacConkey resemble 

the growth of E.coli. Further subculture and 

incubation confirmed the activities of the isolated 

E.coli on CT-SMAC and MAC. All presumptive 

colonies were then submitted for molecular 

characterization and subjected for antibiotic 

susceptibility testing. 

Antibiotic susceptibility assay 

All 16 isolates of E.coli were subjected to antibiotic 

susceptibility and examined for the following 

antibiotic types in antibiogram test: Ampicillin 

(AMP), Cefoxitin (FOX), Nalidixic acid (NA), 

Tetracycline (TET), Ceftazidime(CAZ), Cefixime 

(CFM), Ceftiaxone (CRO), Amikacin (AK), 

Gentamycin (CN), Ceftolozane (CXA) and 

Chloramphenicol (C). In disk diffusion assay as 

described elsewhere [11], within 15 min after 

applying the antibiotic discs, the plates were inverted 

and incubated at 37 °C. After 24h of incubation, the 

plates were examined, and the diameters of the zones 

of complete inhibition to the nearest whole millimeter 

were measured. The zone diameter for individual 

antibiotics was then translated into susceptible, 

intermediate and resistant categories. 

DNA extraction 

Total DNA was extracted from the isolates using a 

QlAamp DNA extraction mini kit, as described by 

the manufacturer recommendations (QIAGEN, 

Valencia, CA). DNA binds specifically to the 

QIAamp silica-gel membrane while contaminants 

pass through. PCR inhibitors such as divalent cations 

and proteins are completely removed in two efficient 

wash steps, leaving pure DNA to be eluted in buffer 

provided with the kit and stored at -20o C for further 

experimental procedures. 

PCR and RT-PCR based Analyses 

Partial amplification of 16S rRNA gene was 

performed using the primer pairs E.coli-F (5'-

CGGCCCAGACTCCACGGGAGGCAGCA-3') and 

E.coli-R  

(5'-GCGTGGACTACCAGGGTATCTAATCC-3'), 

producing an amplicon. In 25 µl reactions containing 

100 pmol of each primer, 1X GoTaq Green Master 

Mix (Promega, USA), and 100 ng of DNA template, 

amplification was performed. Cycling condition was 

95 °C for 5 min as for first denaturation and followed 

by 30 cycles of 95 °C for 30 s, 60 °C for 30 s, and 72 

°C for 45 s and a final extension at 72 °C for 10 min. 

Positive and negative control were used in each 

round with E.coli ATCC 25922 (PC) and no template 

control (NTC), respectively. PCR amplicons were 

analyzed by 1% agarose gel electrophoresis, 

visualized under UV transillumination. Further 

analyses for virulence genes stx1, stx2 and eae for the 

possibility of E.coli strain O104:H4 was carried out 

using real-time PCR with protocol obtained from 

foodproof STEC screening Lyokit (Biotecon 

Diagnostics,Germany) on Light cycler 480II 

instrument (Roche, Switzerland). 

Results and discussion 

Media Selective growth and isolation of E.coli 

As shown in Table 2, all of the 112 samples were 

processed and inoculated with the selective media 

such as MacConkey Agar (MAC) and Sorbitol 
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MacConkey (CT- SMAC) along with Cefixime & 

Tellurite supplements. All colonies which were 

lactose fermenter on Mac Conkey and fermented 

sorbitol on CT-SMAC with red colonies were 

presumptively identified and isolated as E.coli.  

Phenotyping was done to confirm the E.coli strains 

for all samples. All isolated samples were Indole (+) 

positive, citrate (-) negative and H2S production (-) 

negative. Sixteen samples (14.3%) were positive for 

the characteristics of E.coli.  Cucumber and lettuce 

yielded the highest number of isolates- 4 each (25%) 

suspected E.coli from all market sources. Cabbages, 

fenugreeks and beans gave 2 each (12.5%) suspected 

E.coli isolate and remaining 1 each isolate (6.25%) 

for both the tomato and strawberry. E.coli sample 

was also isolated in fenugreek seeds which were 

thought to be the source of outbreak in Germany, 

2011 imported from Egypt [12]. Moreover, in the 

present study the highest microbial contamination 

were found in cucumber and lettuce samples which 

are mostly consumed in raw forms in salad cuisines 

and therefore posses higher risk of microbial 

transmission and health hazard to the community. 

Though  Escherichia coli  is a common organism 

found in the intestinal tract of humans and animals 

and most  of the strain do not cause disease in 

humans, but certain types may cause diarrheal 

disease or more serious forms of illness. Such strains 

appear as remarkably versatile pathogen comprising a 

number of pathotypes [13]. The German epidemic 

showed that two until-now clearly distinct 

pathotypes, STEC and EAEC, exchange or share 

virulence genes. If these virulence genes reside on 

mobile DNA elements, a highly dynamic situation 

may occur wherever new pathogens with hitherto-

unknown clinical and epidemiological characteristics 

are expected [4]. 

Antibiotic resistance pattern of E. coli isolates 

The present study included antimicrobial 

susceptibility data for 16 E. coli isolates obtained 

from different vegetables and fruits examined for the 

presence of microbial contamination. Susceptible (S), 

intermediate (I) and resistant (R) isolates against the 

antimicrobial agents have been shown in Table 3. 

Among the 16 samples, it was shown that isolate 2 

was resistant to eight antibiotics such as AMP, CAZ, 

FOX, CFM, CRO, CXA, C and NA. This was 

followed by isolate 6 which was resistant to seven 

antibiotics like AM, FOX, CFM, CRO, CXA, C AK, 

and TE.  Isolates 1, 8 and 10 were resistant to six 

antibiotics while isolates 3 and 9 yielded five 

antibiotic resistances. Three isolates including 4, 12 

and 13 were almost sensitive to all eleven antibiotics.  

E. coli is one of the most important causes of 

morbidity and mortality throughout the world 

particularly in developing countries due to 

appearance of novel pathogenic strains [14].  E.coli 

strains resistant to antibiotics are associated with poor 

clinical outcome [15]. 

 The isolates were confirmed as E. coli by PCR 

amplification 

The isolated microbial species presumed to be E. coli 

based on microbiological phenotyping studies were 

subjected to PCR analyses for confirmation. All 16 

isolates were found to be E.coli based on E.coli 16S 

rRNA-PCR which yielded comparable bands with 

positive control E.coli ATCC 25922 as presented in 

figure 1. The presence of bands corresponding to 16S 

rRNA amplicons in the isolates and positive control 

while the absence of the band in the NTC confirmed 

the presence and quality of E.coli DNA amplification 

as well as validated the PCR conditions [16]. 

All isolates were tested negative for pathogenic strain 

E. coli O104:H4  
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An important objective of the present study was to 

make an anticipatory survey for the presence of 

pathogenic strain of E.coli such as E. coli O104:H4 

in vegetables and fruits which are responsible for 

occasional outbreaks resulting in serious casualties 

[4]. In this regard all the 16 isolates were subjected 

for real-time PCR study to examine the presence of 

virulence genes specific to the pathogenic strain 

which included stx1, stx2 and eae. As shown in figure 

2 (a,b,c), none of the genes were reported to be 

amplified for the 16 tested isolates. The results show 

that the isolated microbes were of non-pathogenic 

characteristics as these lacks the virulence genes 

responsible for pathogenic behavior of certain E. coli 

strains.  

Conclusion 

Among 112 samples examined in the study, 14.3% 

were reported to be contaminated with E. coli. 

Though all the 16 isolates were found not to be E. 

coli O104:H4 pathogenic strain, some of the isolates 

were observed to be multi-drug resistant and 

represent a reservoir of high risk factor for 

community health.  The contamination per se reflects 

poor hygienic quality which might be associated with 

sub-standard farming, handling, packaging and 

marketing practices. Improved surveillance 

programmes are required to pre-empt any potential 

outbreaks due to fresh produce which are now 

increasingly being considered a vehicle of infection. 
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Figure 1: PCR amplification results for E.Coli 16S rRNA; Lanes 1-16 (microbial isolates from 16 samples); Lane 

PC (positive control- E.Coli ATCC 25922); Lane NTC (no template control). 
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Figure 2: Real-time PCR profiles for stx1 (a), stx2 (b), and eae (c) amplification. DNA extracted from 16 E. coli 

isolates were tested in RT-PCR using primer and probe sets designed to amplify and detect sequences specific to 

stx1, stx2, and eae genes. The relative fluorescence of each sample was obtained against PCR cycle number. For all 

the three genes only positive control produced amplification signal. 
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Table 1: List of market produce collected at the different sources/places for 4 week of collection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Food Produce No. of Samples (4 weeks collection) 

Cucumber 16 (14.3%) 

Tomato 16(14.3%) 

Strawberry 16(14.3%) 

Lettuce 16(14.3%) 

Cabbage 16(14.3%) 

Fenugreek 16(14.3%) 

Beans 16(14.3%) 

TOTAL 112 Samples 
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Table 3: Results of the antibiotic susceptibility tests on the isolated E.coli from the different  

Market Produce 

Legend:   R resistant     I   intermediate      S sensitive 
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Table 2: Isolates of E.Coli obtained from different vegetables and fruits collected for 4 weeks from four different 

markets of Tabuk city. 
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