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Abstract 

Shiga toxin-producing E. coli (STEC) is a foodborne pathogen with the potential to cause severe disease 

in humans. Since the infectious dose of STEC is low, it must be possible to isolate low levels of the 

pathogen from food. The aim of this study was to improve the method for isolation of STEC from food 

by evaluating different selective agar plates, dilution of primary enrichment and by evaluating secondary 

enrichment in high temperature. For the evaluation of different selective agar plates, the majority of the 

tested strains of STEC could be isolated on the different selective agar plates. High selectivity plates as 

ChromagarStec and ChromVtec in combination with acid treatment (AT) resulted in more difficulty in 

isolating the pathogen. In addition, for the majority of the tested STEC strains the isolation was more 

difficult on modified rainbow agar (mRBA) than the other agar plates due to high levels of background 

flora. In addition, tenfold dilutions of the primary enrichment broth and an experiment with secondary 

enrichment at a higher temperature was performed. Dilution of the primary enrichment did not facilitate 

isolation of STEC in these experiments and was therefore not further evaluated. The correlation between 

higher temperature and the possibility to facilitate isolation of STEC from the background flora was 

found neglectable for most of the experiments. On the other hand, the results indicated an improved 

possibility to isolate STEC O145 (strain A08) at higher temperature; 41.5 ℃ and 44 ℃ with dilution 

1:10 and 1:100. In conclusion, secondary enrichment could potentially be used as an additional treatment 

for isolation of STEC but more results are needed.     
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Abbreviations 

STEC – Shiga toxin-producing E. coli  

VTEC – Verotoxin-producing E. coli   

EHEC – Enterohaemorrhagic E. coli 

HUS – Hemolytic uremic syndrome 

HC – hemorrhagic colitis 

Stx1 – Shiga-toxin 1 

Stx2 – Shiga-toxin 2 

stx1 – gene encoding for Shiga-toxin 1 

stx2 – gene encoding for Shiga-toxin 2 

eae – gene encoding for the intimin protein 
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STEC a foodborne pathogen of major concern 
Foodborne pathogens are a major concern for the food industry since these pathogens can be transmitted 

to humans through contaminated food and contribute to severe disease in humans. Shiga toxin-producing 

E. coli (STEC) is a foodborne pathogen that may cause severe disease in humans. It is commonly known 

as the hamburger bug due to the first outbreak in the US, were people got sick after eating a not proper 

cooked hamburger. When having a STEC infection, the symptoms can be mild or lead to more life-

threatening complications. The symptoms of an STEC infection begin with abdominal cramps and 

diarrhea, followed by onset of bloody diarrhea. In worst case you could end up with life-threatening 

complications such as reduced levels of erythrocytes, low levels of thrombocytes, acute renal failure and 

eventually if not treated in time leading to death. A major outbreak of STEC happened in Germany in 

2011, were 3816 individuals got infected, including 854 cases that developed severe complications and 

54 individuals died. When large outbreaks occur like in Germany, there is an urgent need for improved 

detection and isolation methods to trace back to the source of infection. STEC can be found in common 

food sources such as sprouts, minced beef, unpasteurized milk or in other dairy products. These foods 

usually contain high amounts of microflora, were low levels of the pathogen can be found. This is of 

course a major concern, since low levels of STEC in food can be transmitted directly from human to 

human, causing severe illness. The disease can appear in all age groups, but small children are at major 

risk of being infected. How do we deal with the problem that STEC is a foodborne pathogen with the 

potential to cause severe disease in humans? There is a need of improved detection and isolation methods 

for STEC, since foodborne outbreaks occur world-wide. In Sweden we have a high incidence of STEC. 

There are several possible explanations contributing to this. It could be an increased awareness from the 

society about infection with STEC leading to that more infected individuals become tested. Or that the 

diagnostic methods are being improved and refined for the detection of STEC or that many individuals 

become infected in Sweden. The aim of this project has been to isolate STEC from food (minced beef or 

sprouts) on different agar plates with varied selectivity. This study has shown that in the majority of 

cases, STEC was isolated on the different agar plates. In the experiment with dilution of enrichment, 

STEC was not isolated from any dilution and therefore no further experiments were done. Lastly, the 

experiment with secondary enrichment showed a possibility to isolate STEC at a increased temperature, 

indicating that secondary enrichment potentially could be used as an additional treatment for isolation of 

STEC. Still, more improved detection and isolation methods are needed to prevent this foodborne 

pathogen from causing even more illness in humans.        
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1. Introduction 
Shiga toxin-producing E. coli (STEC) is a foodborne pathogen with the potential to cause serious illness 

(1) and the only pathogenic group of E. coli with a definite zoonotic origin (2). STEC are defined as 

E. coli producing at least one member of the potent cytotoxin named Shiga-toxin which can cause severe 

enteric and systemic disease in humans (3). STEC is synonymously named verotoxin producing E. coli 

(VTEC), because of its cytotoxicity to vero-cells (4). Ruminants, especially cattle are considered as the 

major reservoir of STEC (3). In Sweden, cattle are regarded as the major reservoir of STEC and serotype 

O157:H7 is a common representative in these animals and a common cause of infection in humans (5). 

These animals carry the pathogen asymptomatically in their intestines and excrete it in their faeces (6). 

STEC strains from individuals with hemorrhagic colitis (HC) and/or hemolytic uremic syndrome (HUS) 

are called Enterohaemorrhagic E. coli (EHEC) (7). The incubation time of an EHEC infection is usually 

between 2 − 4 days but can also be longer (5). In case of infection, a wide range of symptoms can be 

displayed, from asymptomatic and mild symptoms to more life-threatening complications like HUS. HC 

begins with abdominal cramps and diarrhea, often followed by bloody diarrhea. HUS is a severe 

complication, characterized by hemolytic anemia, thrombocytopenia and acute renal failure signs (8). 

The disease can appear in all age groups, but small children have a higher risk of being infected (9).  

 

1.1 STEC - notifiable disease in Sweden 
Infection with STEC has been possible to diagnose in Sweden since 1988. Before 1995 there were only a 

few reported sporadic cases of STEC in Sweden. In 1995 the first outbreaks were reported with hundreds 

of confirmed cases of STEC, in which 20 % developed HUS. Infection with STEC O157 in humans 

became notifiable in Sweden in 1996 and in 2004 it became mandatory to notify all serogroups and not 

only STEC O157 (5). 

 

1.1.1 Incidence of EHEC in Sweden and EU 
In Sweden, there is a high incidence of EHEC (figure 1). Particularly in 2013, 2015 and 2016 there was 

an increased incidence of EHEC in Sweden. In 2013 there was a reported outbreak of EHEC in Dalarna 

county. In 2015 there were two major outbreaks in Sweden, one outbreak caused by STEC serogroup 

O26 followed by another outbreak caused by STEC serogroup O103. In 2016, there was an outbreak 

caused by STEC serotype O157:H7. It is not completely understood why the incidence is high in Sweden 

compared to other countries in the EU. A possible explanation could be an increased awareness from the 

community about infection with EHEC leading to that more infected individuals become tested. Other 

possible explanations could be that the diagnostic methods are being improved and refined for the 

detection of EHEC or actually that many individuals become infected in Sweden (9) (10). In EU, the 

incidence is lower compared to Sweden. Although, in 2011, there was an increased incidence due to the 

German outbreak caused by serotype O104:H4, figure 2 (11).  
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Figure 1. Showing the incidence of EHEC in Sweden from 2005 to 2017 (10) . 

 

 
Figure 2. Showing the incidence of EHEC in EU from 2007 to 2016 (11).  

1.2 Serogroups and serotypes of STEC 
STEC is characterized by several different methods, including serotyping, which is important for the 

classification of the pathogen (12). The serogroup is defined by the bacterial outer structure in the cell-

membrane, the O-antigen and the serotype is defined by the O-antigen, and by the flagella antigen H-

antigen (5). An estimated 500 serotypes of STEC have been isolated from infected humans (3). Most 

research regarding pathogenicity of STEC originates from studying serotype O157:H7 (13). The majority 

of reported disease cases worldwide are due to serotype O157:H7, although infection with non-O157 

serogroups for example O26, O111, O103 and O145 has been increasingly reported (14). STEC O157, 

O26, O103, O111, O121 and O145 are the most common serogroups in infected humans in Sweden.  In 

1982, the first outbreak of STEC O157:H7 was reported in the USA from individuals with onset of 

bloody diarrhea after eating a hamburger from a restaurant. Since then the possibility of diagnosing 
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serogroup O157 has been developed (5). Although, laboratory methods for the non-O157 serogroups 

exist, improvement of laboratory methods for detection and isolation of these serogroups are needed (15).  

 

1.3 Virulence factors 
Generally, virulence factors of STEC are the causative agents for determining the severity of the disease.  

The combination of several virulence factors among the pathogenic STEC strains are necessary factors to 

cause disease in humans (16). STEC strains are defined by their ability to produce one or more Shiga-

toxins. In addition, attaching and effacing lesions A/E (see below) on the intestinal epithelial cells are 

important virulence mechanisms (17). Still a lot of work needs to be done in order to understand the 

virulence mechanisms in the pathogenesis of STEC (18).  

 

1.3.1 Shiga toxin 
Shiga-toxin originates from the similar cytotoxin produced by Shigella dysenteriae serotype 1 (3). It is a 

group of cytotoxins associated with diarrheal diseases and HUS. The Shiga-toxin family includes several 

toxins related to Shiga-toxin from Shigella dysenteriae with a similar structure and biological activity. 

STEC strains can produce two major types of Shiga-toxins, Stx1 and Stx2. Stx1 has three subtypes 

(Stx1a, Stx1c and Stx1d) and Stx2 has seven subtypes (Stx2a to Stx2g) (19). Several studies have shown 

an association between some Stx2 subtypes and the severity of causing disease, resulting in an increased 

risk of developing HUS compared to those infected by strains producing Stx1 only (19). The subtype 

Stx2a is associated with increased virulence and development of HUS, while Stx2e, Stx2f and Stx2g are 

associated with lower pathogenicity in humans (20).  

 

1.3.2 Adherence factors 
The adhesive protein intimin, encoded by the eae gene, is an important adherence factor regulating the 

A/E lesion caused by EHEC (21). The eae gene is carried by the locus of enterocyte effacement (LEE) 

pathogenicity Island, required for intimate attachment to the host intestinal mucosa, leading to A/E 

lesions in the intestinal mucosa (22). A/E lesions is a mechanism in which EHEC intimately adhere to the 

host cell plasma membrane, destroying the enterocyte microvilli and inducing cytoskeletal rearrangement 

below adherent bacteria (23). Several adherence structures associated with virulence of STEC have been 

found and many remain to be identified (18).  

 

1.4 Transmission routes 
There are three main transmission routes for STEC, foodborne, environmental or person to person 

transmission (24). Ruminants is the reservoir of STEC and the pathogen may be transmitted to humans 

through consumption of no heat-treated meat and unpasteurized milk, or other dairy products made from 

unpasteurized milk, vegetables, direct contact with ruminants, consumption of water, foods contaminated 

with manure, or bathing in contaminated water, figure 3. Because of the low infectious dose, direct 

transmission from person to person may also occur (3).  
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Figure 3. Showing the transmission routes of STEC (3). 

1.5 Outbreaks of EHEC  
In 2011, there was an outbreak of STEC serotype O104:H4 in Germany with 3816 confirmed cases, 

including 854 cases of HUS and 54 deaths. In Sweden, 53 cases were reported, in which all except one 

could be linked to the outbreak in Germany. Out of 53 cases, 18 developed HUS and one individual died. 

The source of transmission could be traced back to fenugreek seeds imported from Egypt  

(5). In Sweden, most cases of EHEC are sporadic but a few small outbreaks occur every year. In 

September 2015 to April 2016, a total of 11 municipalities reported having cases of EHEC serotype 

O26:H11 (stx1a, eae). In total, 57 cases were confirmed and linked to the outbreak and in most cases 

children between the age of 1-15 had been infected. All cases reported were domestic but the source of 

infection was not determined. From September 2016 to February 2017, there was an outbreak where 26 

people got infected by EHEC serotype O157:H7. Within the reported group of infected, ten of the cases 

were children under the age of ten. Six, mostly children, developed HUS. The source of infection could 

be traced back to minced beef. In 2013, there were 29 confirmed cases of EHEC. Within the reported 

group, 19 people were sick and 10 people were infected without showing any symptoms. In addition, 

nine got sick but were never tested and two that didn´t have any contact with the restaurant were also 

infected. The probable source of infection was mixed green salad from different distributors (25). 

 

1.6 Difficulties with isolation of STEC in food  
For the detection and isolation of STEC in food there is a technical specification from the International 

Organization of Standardization (ISO), ISO/TS 13136:2012 “Microbiology of food and animal feed - 

Real-time polymerase chain reaction (PCR)-based method for the detection of foodborne pathogens - 

Horizontal method for the detection of Shiga toxin-producing Escherichia coli (STEC) and the 

determination of O157, O111, O26, O103 and O145 serogroups”. Because the infectious dose of STEC 

is low, it must be possible to isolate the pathogen from food samples with low levels of STEC, but high 

levels of background flora in different food matrices such as sprouts, minced beef and unpasteurized milk 

make it more difficult (26). There are different ways to reduce the background flora and facilitate 

isolation of STEC. For some specific serogroups immunomagnetic separation (IMS) can be used by 

using antibody-coated magnetic beads to capture the target bacteria, separating the pathogen from the 

background flora. Acid tolerance and acid resistance is essential for the survival of STEC in acidic 
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environments, such as the stomach, to further colonize the gastrointestinal tract. There has been reported 

that commensal E. coli and pathogenic STEC strains can survive in acidic environments with pH 2 for 

several hours compared to other competing bacteria like Proteus mirabilis, Enterobacter aerogenes and 

Klebsiella pneumoniae which are reduced at these pH levels since they become lethally injured. Acid 

treatment at pH 2 can be used to reduce the background flora and facilitate the isolation of STEC (27). 

Enrichment at a higher temperature has also been shown to improve the isolation of STEC O157 and 

reduce the growth of competing background flora. Isolation of STEC O157 has been shown to be 

effective at 42 ℃ compared to 37 ℃ in various food-matrices such as lettuce, spinach, alfalfa sprouts 

(26).    

 

1.6.1 Selective differential media for the isolation of STEC  
Selective and differential agar plates are used in order to reduce background flora and facilitate isolation 

of STEC from commensal E. coli. Cefixime is a cephalosporin antibiotic with increased activity against 

gram-negative Proteus spp. compared to gram-negative E. coli (28). Potassium tellurite is used to reduce 

gram-negative bacteria such as E. coli and Proteus spp. (27). Most STEC have the enzyme β-D-

galactosidase which cleaves X-gal (5-bromo-4-chloro-3-indolyl-b-D-glucuronide) (BCIG) resulting in 

the characteristic color of the colonies on the agar medium. A medium for isolation of E. coli O157 use 

sorbitol fermentation to differentiate sorbitol fermenting E. coli from non-sorbitol fermenting E. coli 

O157 (29). In addition, a medium for isolation of E. coli O26 use rhamnose, since the majority of E. coli 

O26 is unable to ferment rhamnose (30). Novobiocin (antibiotic) inhibits growth of gram-positive 

bacteria. Production of enterohemolysin is associated with Shiga-toxin production on some selective agar 

plates. Sucrose is used to differentiate sucrose fermenting E. coli from non-sucrose fermenting E. coli 

and sorbose is used to differentiate sorbose fermenting E. coli from non-sorbose fermenting E. coli, table 

4.     
 

1.7 Aim of the study 
The overall aim of the study was to improve the isolation of STEC in food and included three parts. 

● Test and evaluate different selective agar plates for the isolation of STEC. 

● Dilution of enrichment broth before isolation of STEC on different selective agar plates. 

● A secondary enrichment in higher temperatures before isolation of STEC on different 

selective agar plates.   
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2. Material and methods 
The method for detection and isolation of STEC in food was provided by the Swedish National Food 

Agency and based on a technical specification from the International Organization for Standardization 

(ISO) (ISO/TS 13136:2012). All the work with STEC, excluding the work with nucleic acid, were done 

at biosafety laboratory level 3 according to regulations from the Swedish Work Environment Authority 

(AFS 2005:21). The strains used in this study are listed in table 1.   

 

Table 1. Strains used in this project. 

Nr. Pathotype Strain Serogroup/Serotype Origin 

1 Enteroaggregative 

E. coli (EAEC) 

C679−12 O104:H4 Statens seruminstitut, Denmark 

2 STEC E08 O103 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

3 STEC H2431/06 O103 The Public Health Agency of Sweden 

4 STEC MF 2494 O103:H25 Norwegian veterinary institute 

5 STEC C08 O111 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

6 STEC H1963/05 O111 The Public Health Agency of Sweden 

7 STEC MF 2411 O111:H- Australia 

8 STEC MI-821/12 no. 1 O113 National Food Agency, Sweden 

9 STEC 98NK2 O113:H21 Australia 

10 STEC B08 O121 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

11 STEC 3311 O121 Statens seruminstitut, Denmark 

12 STEC H2322/06 O121 The Public Health Agency of Sweden 

13 STEC MI−65/12 O145 National Food Agency, Sweden 

14 STEC A08 O145 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

15 STEC E134/10 O145 The Public Health Agency of Sweden 

16 STEC MI-823/12 O154 National Food Agency, Sweden 

17 STEC 493_89 O157:H- Gibco BRL, Eggenstein, Germany 

18 STEC 66078 O157:H- National Veterinary Institute, Sweden 

19 STEC EDL933 O157:H7 American Type Culture Collection (ATCC) 

20 STEC D08 O157:H7 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

21 STEC MI-821/12 no. 2 O170 National Food Agency, Sweden 

22 STEC E420/13 O174 The Public Health Agency of Sweden 

23 Enteropathogenic E. 

coli EPEC  

G08 O26 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

24 STEC MI-525/13 O26 National Food Agency, Sweden 

25 STEC MI-109/10 O26 National Food Agency, Sweden 

26 STEC CCUG 29190 O26:11 Culture Collection (CCUG), University of Göteborg, 

Sweden 

27 STEC F08 O91 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità (ISS) 

28 STEC E223/10 O91 The Public Health Agency of Sweden 

29 E. coli  SLV−082 - National Food Agency, Sweden 

30 STEC 4086 O113:H4 European Union Reference Laboratory VTEC, Istituto 

Superiore di Sanità 

31 STEC 182–50 O113 Statens seruminstitut, Denmark 

32 STEC E7/11 O103 The Public Health Agency of Sweden 
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2.1 Method for isolation of STEC in food 
25 g of food matrices (minced beef or sprouts) was added in a stomacher bag with filter and  

225 ml of enrichment broth (BPW) (Oxoid™) was added. The enrichment broth with minced beef was 

homogenized by hand before incubating in 18 − 24 hours at 37 °C. The enrichment broth with sprouts 

was put in a homogenizer (Laboratory Blender Stomacher 400™) for 30 s and incubated in 18 − 24 hours 

at 37 °C. The primary enrichment broth was plated on different selective agar plates after different 

treatments. Direct plating (no treatment) was also performed by taking 10 µl of primary enrichment broth 

and streaked on different selective agar plates to get single colonies. In addition, positive and negative 

substrate controls were included to all selective agar plates. The method for isolation of STEC in food is 

shown in figure 4. All selective agar plates were incubated at 37 °C in 18-24 hours. 

 

 
Figure 4. Method for isolation of STEC in food.  

2.1.1 Immunomagnetic separation (IMS) 
Immunomagnetic separation (IMS) was performed according to the manufacturer’s instructions (31) and 

done as followed: The magnet was removed and 1.5 ml Eppendorf tubes were loaded into a magnetic 

particle concentrator (MPC-S) rack. The magnetic dynabeads (Invitrogen™) specific for the different 

serogroups O157 (dynabeads anti - E. coli O157™), O26 (dynabeads EPEC/VTEC O26™), O145 

(dynabeads EPEC/VTEC O145™), O111 (dynabeads EPEC/VTEC O111™), O103 (dynabeads 

EPEC/VTEC O103™), O121 (O121 LabM™) were for each experiment resuspended by vortexing and 

20 µl of magnetic dynabeads were pipetted into each tube. 1 ml of the primary enrichment broth was 

added to each tube and mixed on Invitrogen dynabeads MX™ mixer for 10 min. The magnet was inserted 

to the MPC-S and the rack was inverted so that the magnetic dynabeads were on the side of the tube for 3 

min. The supernatant was carefully discarded from the tubes and the magnetic plate was removed from 

the MPC-S rack and 1 ml of wash-buffer PBS-tween 20 (Sigma™) was added. The MPC-S rack was 

inverted a few times to resuspend the magnetic dynabeads. The washing step was repeated; washing 

buffer PBS-tween 20 was discarded followed by an additional washing were 1 ml washing buffer PBS-



UPPSALA UNIVERSITET   Improved methodology for isolating Shiga toxin-producing E. coli   

                                                (STEC) in food                                                                         13 (29) 

 

   

 

 

 

 

 

tween 20 was added. The washing buffer PBS-tween 20 was discarded once more and the magnet was 

removed from the MPC-S rack. Lastly, the dynabeads bacteria mixture was resuspended in 100 µl PBS-

tween 20 (Sigma™). The Dynabeads bacteria mixture was vortexed and 33 µl from each 1.5 ml tube was 

plated on each selective agar plate to get single colonies and 15 µl of positive control (IMS control 

strain) and negative control (peptone water) (Oxoid™) was plated to each selective agar plate.   

 

2.1.2 Acid treatment (AT) 
The acid treatment (AT) was performed as previously described by (32). To summarize, 1.5 ml of the 

primary enrichment broth was added to a 2 ml Eppendorf tube. The incubated primary enrichment broth 

was centrifuged at 12.000 x g for 3 min and the supernatant was discarded from the pellet. The pellet was 

resuspended in 1.3 ml of tryptone soya broth (Oxoid™) with pH 2 and incubated in room temperature for 

30 min. The sample was centrifuged at 12.000 x g for 3 min and the supernatant was discarded. The 

pellet was resuspended in 1 ml PBS and 25 µl was streaked on different selective agar plates to get single 

colonies.  

 

2.1.3 Confirmation of presumptive STEC with real-time PCR 
The STEC isolates were lysed by heating (extracting the DNA) in 10 - 15 min at 95 °C before analyses 

with real-time PCR were performed. Detection was done with real-time PCR (Bio-Rad, CFX96™) for the 

specific serogroups tested (O103, O157, O111, O26, O145, O121 or O113). Each reaction contained 20 

µl of master mix and 5 µl of sample (DNA-template). 5 µl of milliQ-water (negative template control) 

was added to two control wells and 5 µl of positive template control (DNA from a control strain) were 

added to two control wells. The 96-well plate was centrifuged for 1 min before running in the Bio-Rad 

CFX96 instrument. The real-time PCR program and master mix for the serogroups are listed in table 2 

and 3. Summary of primers and probes are listed in appendix 1, table 1. 

 

Table 2. Cycle program for real-time PCR. 

Cycle program for serogroups O157, O26, 

O103, O145, O111 

Cycle program for serogroup O121 Cycle program for serogroup O113 

 

Real−time PCR  

program 

95 ℃ − 10 min 

45 cycles 

95 ℃ −15 s 

60 ℃ − 1 min 

 

Real−time PCR 

program 

94 ℃ − 10 min 

45 cycles 

94 ℃ − 30 s 

52 ℃ − 30 s 

72 ℃ − 30 s 

 

Real−time PCR 

program 

95 ℃ − 10 min 

45 cycles 

95 ℃ − 15 s 

55 ℃ − 1 min 

 

Table 3. Master mix for the serogroups. 

Master mix for the serogroups O103, O111, O145, O26, O157 Master mix for the serogroups O121 and O113 

Component [concentration] Final 

[concentration] 

Component [concentration] Final [concentration] 

Reaction mix [x2] (ABI TaqMan universal mix no 

AmpErase UNG) 

x1 ToughMix x1 

Primer O103, O111, O145, O26 and O157 F [10 µM] [0.5 µM] Primer O121/O113 F [10 µM] [0.4 µM] 

Primer O103, O111, O145, O26 and O157 R [10 µM] [0.5 µM] Primer O121/O113 R [10 µM] [0.4 µM] 

Probe [20 µM] (FAM) [0.2 µM] Probe [20 µM] (FAM) [0.1 µM] 

Water  x Water  x 

Template volume [5 µl] Template volume [5 µl] 

Reaction volume  [25 µl] Reaction volume [25 µl] 
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2.2 Growth and morphology of different E. coli strains on different selective agar plates 
Different E. coli strains were plated on nutrient agar (NA) (Oxoid™) or brain heart infusion agar (BHI) 

(Oxoid™) and incubated in 18 − 24 hours at 37 °C. One colony of the E. coli strains was picked with a 

loop and plated onto each selective agar plate, table 4. The plates were incubated in 18 − 24 hours at  

37 °C.  

 

Table 4. The selectivity of the used agar plates. 

Selective agar plate Ingredients Selectivity Used 

by 

NFA 

Cefixime Tellurite Sorbitol 

MacConkey agar - 5-bromo-4-

chloro-3-indolyl-β-D-

glucuronide 

(CT Smac-Bcig) (Oxoid™) 

 

20 g/l peptone, 10 g/l sorbitol, 1.5 g/l 

bile-salts, 5 g/l sodium chloride, 0.03 

g/l neutral red, 0.001 g/l crystal 

violet, 15 g/l agar, 0.1 g/l BCIG, 2.5 

mg/l potassium tellurite and 0.05 

mg/l cefixime. 

Cefixime and potassium tellurite inhibits growth of 

some gram-negative bacteria, Proteus spp. Sorbitol is 

used to differentiate sorbitol fermenting E. coli from 

non-sorbitol fermenting E. coli. BCIG is used to detect 

the enzyme beta-glucuronidase which is present in the 

majority of all E. coli strains (not E. coli O157). The 

majority of E. coli O157 do not ferment sorbitol and 

the majority of E. coli strains ferment sorbitol. 

 

 

 

 

 

Sorbitol MacConkey Agar with 

− 5-bromo-4-chloro-3-indolyl-

β-D-glucuronide 

(Smac-Bcig) 

(Oxoid™) 

 

20 g/l peptone, 10 g/l sorbitol, 1.5 g/l 

bile-salts, 5 g/l sodium chloride, 0.03 

g/l neutral red, 0.001 g/l crystal 

violet, 15g /l agar and 0.1 g/l BCIG. 

Sorbitol is used to differentiate sorbitol fermenting E. 

coli from non-sorbitol fermenting E. coli. BCIG is used 

to detect the enzyme beta-glucuronidase which is 

present in the majority of all E. coli strains (not E. coli 

O157). The majority of E. coli O157 do not ferment 

sorbitol and the majority of E. coli strains ferment 

sorbitol. 

 

Cefixime Tellurite Sorbitol 

MacConkey agar 

(CT−Smac) 

(Difco™) 

Peptone 15.5 g/l, sorbitol 10 g/l, bile-

salts 1.5 g/l, sodium-chloride 5 g/l, 

agar 15g/l, neutral red 0.03 g/l, 

crystal violet 0.001 g/l, 0.05 mg/l, 

potassium tellurite 2.5 mg/l. 

Cefixime and potassium tellurite inhibits growth of 

some gram-negative bacteria, Proteus spp. Sorbitol is 

used to differentiate sorbitol fermenting E. coli from 

non-sorbitol fermenting E. coli. The majority of E. coli 

O157 strains do not ferment sorbitol and the majority 

of E. coli strains ferment sorbitol. 

 

 

 

X 

Sorbitol MacConkey agar 

(Smac) 

(Difco™) 

 

Peptone 15.5 g/l, sorbitol 10 g/l, bile-

salts 1.5 g/l, sodium-chloride 5 g/l, 

agar 15g/l, neutral red 0.03 g/l, 

crystal violet 0.001 g/l. 

Sorbitol is used to differentiate sorbitol fermenting E. 

coli from non-sorbitol fermenting E. coli. The majority 

of E. coli O157 does not ferment sorbitol and the 

majority of E. coli ferment sorbitol. 

 

 

X 

Cefixime Tellurite Rhamnose 

MacConkey Agar 

(CT-Rmac) 

(MacConkey agar) (Difco™) 

(Rhamnose) (Merck™) 

Potassium tellurite 2.5 mg/l, cefixime 

0.05 mg/l, gelatine 17 g/l, peptones 3 

g/l, lactose 10 g/l, bile-salts 1.5 g/l, 

sodium chloride 5 g/l, agar 13.5 g/l, 

neutral red 0.03 g/l, crystal violet 1 

mg/l. 

Cefixime and potassium tellurite inhibits growth of 

some gram-negative bacteria, Proteus spp. Rhamnose 

is used to differentiate Rhamnose fermenting E. coli 

from non-rhamnose-fermenting E. coli. The majority of 

E. coli O26 does not ferment rhamnose and the 

majority of E. coli ferment rhamnose 

 

 

 

X 

Rhamnose MacConkey Agar 

(Rmac) 

(MacConkey agar) (Difco™) 

(Rhamnose) (Merck™) 

 

Gelatin 17 g/l, peptones 3 g/l, lactose 

10 g/l, bile-salts 1.5 g/l, sodium 

chloride 5 g/l, agar 13.5 g/l, neutral 

red 0.03 g/l, crystal violet 1 mg/l. 

Rhamnose is used to differentiate Rhamnose 

fermenting E. coli from non-rhamnose-fermenting E. 

coli. The majority of E. coli O26 does not ferment 

rhamnose and the majority of E. coli ferment 

rhamnose. 

 

 

X 

Rainbow® O157 agar 

(mRBA) (Biolog Inc.) 

 

Potassium tellurite 0.01 g, 

novobiocin 0.04 g, cefixime 0.05 g, 

rainbow agar 15g. 

Novobiocin inhibits growth of gram-positive bacteria. 

Cefixime and potassium tellurite inhibits growth of 

some gram negative-bacteria, like Proteus spp. The 

medium contains chromogenic substrates that are 

specific for two E. coli-associated enzymes which is 

used to differentiate different E. coli strains. 

 

 

 

X 
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Table 4. The selectivity of the used agar plates. 

ChromagarVtec 

(ChromVtec) 

 

MacConkey agar 40 g/l, sackarose 6 

g/l, sorbose 6 g/l, bile-salts 3.5 g/l, 

potassium tellurite and novobiocin 

solution 30 ml/l, X-gal 10 ml/l. 

 

 

 

Sucrose is used to differentiate sucrose fermenting E. 

coli from non-sucrose fermenting E. coli. Sorbose is 

used to differentiate sorbose fermenting E. coli from 

non-sorbose fermenting E. coli. Potassium tellurite 

inhibits growth of some gram-negative bacteria, 

Proteus spp. Novobiocin is used to inhibit growth of 

gram-positive bacteria. 

 

 

 

X 

ChromagarSTEC 

(ChromStec) 

(CHROMagar™STEC) 

 

Agar 15 g/l, peptone and yeast extract 

8 g/l, salts 5.2 g/l, chromogenic mix 

2.6 g/l. 

Contains an enzymatic substrate (Chromogen mix) 

giving the characteristic morphology of the colonies. 

 

Trypton Bile X−agar 

(Tbx) (Oxoid™) 

 

Tryptone 20 g/l, bile-salts 1,5 g/l, 

agar 15 g/l, X-glucuronide 0,075 g/l. 

The agar plate contains X-glucuronide and E. coli 

contain the enzyme beta-D-glucuronidase 

differentiating it from other bacteria (not STEC). 

 

X 

STEC Heart Infusion washed 

Blood Agar with Mitomycin C 

(Shibam) 

 

Agar 14 g/l, peptones 17 g/l, sodium 

chloride 5 g/l, tryptose 5 g/l, yeast 

extract 4 g/l, calcium chloride 1.47 

g/l, mitomycin C 0.5 mg/l, washed 

defibrinated sheep blood 40 ml/l. 

Contains washed sheep blood cells. Production of 

enterohemolysin is associated with Shiga toxin 

production, resulting in hemolysis (colorless colonies) 

 

 

 

 

2.2.1 Isolation of STEC in artificially contaminated food matrices 
The different selective agar plates were evaluated by analyzing artificially contaminated food matrices, 

minced beef. The procedure for inoculation of STEC strains in different food matrices, minced beef or 

sprouts were as follow. The STEC strains were cultivated in brain heart infusion (BHI) (Difco™) in  

18 − 24 hours at 37 °C. The overnight culture was tenfold diluted in peptone water (Oxoid™) from 

dilution 10-1 down to dilution 10-8. The desired amount of colony forming units (CFU) was inoculated to 

25 g of different food matrices (minced beef or sprouts). Viable count was done on nutrient agar (NA) 

(Oxoid™) in duplicates, plating 100 µl from dilution 10-6 down to 10-8 and incubated in 18 − 24 hours at 

37 °C. An estimate of the inoculation level was calculated from duplicate 10-6 dilution. After inoculation 

the analyses was proceed as described under section 2.1. After incubation, the different selective agar 

plates were compared and evaluated based on the possibility to find presumptive STEC colonies among 

the background flora. The selective agar plates with the inoculated STEC were compared with the 

negative process control (NPC) without the inoculated STEC. The selective agar plates for both the NPC 

and the inoculated STEC was photographed. About three colonies of presumptive STEC were picked 

from each of the different selective agar plates and five to six colonies were pooled in 100µl of milliQ 

water (ultra-pure water). Several colonies were picked if the confirmation of STEC was unsuccessful at 

the first attempt. If STEC colonies couldn’t be confirmed on the selective agar plate, detection with real-

time PTC of the total bacterial growth on the selective agar plate was done. The tubes with presumptive 

STEC colonies were heated on a heat-block (Grant-Bio™) in 10 - 15 min at 95 ℃. The detection with 

real-time PCR was done as described under section 2.1.3. 

 

2.3 Dilution of enrichment       
The procedure for inoculation of different STEC strains in sprouts were done as described in section 

2.2.2. The primary enrichment broth was tenfold diluted in peptone water (Oxoid™) from 10-1 down to 

10-8. 100 µl of the dilutions from 10-1 down to 10-8 were plated on different selective agar plates and 

incubated in 18-24 hours at 37 °C. The following selective agar plates were used; ChromVtec, 
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ChromagarStec, mRBA, CT Smac-Bcig and Smac-Bcig (table 4). After incubation the selective agar 

plates were compared with the agar plates obtained after performing the ordinary methods used by the 

National Food Agency, direct plating and the treatments IMS and AT. All selective agar plates were 

photographed. Presumptive STEC colonies were identified on the different selective agar plates and 

confirmed with real-time PCR as described above.  

 

2.4 Secondary enrichment 
The procedure for inoculation of different STEC strains in sprouts were done as described in section 

2.2.2. After enrichment the primary enrichment broth was diluted with the ratio 1:10 (10 ml to 90 ml) 

and 1:100 (1 ml to 100 ml) in a secondary non-selective enrichment broth, buffer peptone water (BPW). 

The secondary enrichment broth was incubated in 18 − 24 hours at 37 °C, 41.5 °C and 44 °C. 10 µl from 

the primary and secondary enrichment broth were streaked on the different selective agar plates shown in 

table 4 and incubated in 18 − 24 hours at 37 °C. The following selective agar plates were used; 

ChromVtec, ChromagarStec, mRBA, Tbx, CT Smac-Bcig and Smac-Bcig (table 4). In addition, IMS and 

AT was done on the secondary enrichment broth in one out of four experiments. The selective agar plates 

from the different temperatures and dilutions were compared and photographed. Presumptive STEC 

colonies were identified on the different selective agar plates and confirmed with real-time PCR as 

described above.  
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3. Results 
3.1 Growth and morphology of different E. coli strains on different selective agar plates 
The aim was to evaluate the growth and morphology of different E. coli strains on different selective agar 

plates. The first thing was to verify growth and characteristic morphology for the different E. coli isolates 

on different selective agar plates. Further, detection and isolation of different E. coli strains from minced 

beef were tested on different selective agar plates. All tested strains from serogroups O103, O104, O111, 

O145 and O26 could grow on all evaluated selective agar plates (table 5). It was more difficult for some 

strains to grow on the more selective agar plates ChromVtec and ChromagarStec compared to the other 

selective agar plates. In the evaluation of Shibam plates, where the aim was to evaluate if the STEC 

strains would grow and if they would express beta-hemolysin and produce beta-hemolytic colonies (lysis 

of erythrocytes), the results indicated that it was difficult to differentiate alfa-hemolytic colonies (E. coli 

strains) from beta-hemolytic colonies (STEC strains) on Shibam. For some strains, alfa-hemolysis and 

beta-hemolysis could be observed on Shibam (figure 5).  

 

Table 5. The growth of evaluated E. coli strains on different selective agar plates. Growth on all strains 

for the different serogroups was indicated by 4/4, 3/3, 2/2 and 1/1. No growth was indicated by 0/2 or 0/1 

and growth on one or more strains was indicated by 1/2, 1/3, 2/3, 1/4. Not done is indicated by ND, the 

strain has not been evaluated on the selective agar plate. 

 
 

 

Selective agar plates 

Serogroup  

(nr of strains) 

 

Chrom-Vtec 

 

Chromagar-

Stec 

 

mRBA 

CT 

Smac-

Bcig 

 

Tbx 

 

Shibam 

 

CT-Smac 

 

Smac 

 

CT-Rmac 

 

Rmac 

O103 (3) 3/3 3/3 3/3 3/3 3/3 3/3  

 

 

ND 

 

 

 

ND 

 

 

 

ND 

 

 

 

ND 

O104 (1) 1/1 1/1 1/1 1/1 1/1 1/1 

O111 (3) 3/3 3/3 3/3 3/3 3/3 3/3 

O113 (4) 1/4 1/4 3/3 3/3 3/3 3/3 

O121 (3) 1/3 2/3 3/3 3/3 3/3 3/3 

O145 (3) 3/3 3/3 2/2 3/3 2/2 2/2 

O154 (1) 0/1 0/1 1/1 1/1 1/1 1/1 

O157:H7 (2)  

2/2 

 

2/2 

 

2/2 

 

2/2 

 

2/2 

 

2/2 

 

2/2 

 

1/1 

 

 

ND 

 

 

ND  

O157:H- (2) 

 

1/2 

 

0/2 

 

2/2 

 

2/2 

 

2/2 

 

2/2 

 

1/2 

 

2/2 

O170 (1) 0/1 0/1 1/1 1/1 1/1 1/1  

ND 

 

ND O26 (4) 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 

O91 (2) 0/2 0/2 1/2 2/2 2/2 1/1 ND ND 
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Figure 5. Showing how the different types of hemolysis can be observed on Shibam. To the left, expression of beta-hemolysis 

for STEC O26 (strain MI-109/10), no expression of hemolysis for STEC O26:H11 (strain CCUG 29190) (middle). Expression 

of alfa-hemolysis is shown for E. coli (strain SLV-082) (right). 

3.1.1 Isolation of STEC in artificially contaminated food matrices  
The aim was to evaluate different selective agar plates for the isolation of STEC in minced beef. The 

STEC strains were isolated in artificially contaminated food matrices, minced beef. In order to facilitate 

isolation of STEC, standard treatments such as immunomagnetic separation (IMS) and acid treatment 

(AT) were used to reduce the background flora. Also, direct plating was performed directly on the 

different selective agar plates. For the majority of serogroups, STEC colonies were isolated on the 

different selective agar plates, both on the selective agar plates used by National Food Agency and on the 

new tested selective agar plates, table 6 and 7. The agar plates with high selectivity, ChromVtec and 

ChromagarStec, showed a similar level of selectivity in combination with the different treatments; AT 

and IMS. STEC was also isolated in the majority of cases on CT Smac-Bcig and Smac-Bcig. In addition, 

it was more difficult to isolate STEC from mRBA. Picking presumptive STEC colonies from this agar 

plate was more difficult due to the varying size of the colonies, making it difficult to facilitate isolation 

of STEC from the competing background flora. STEC strains used in the experiment in section 3.1.2 and 

their characteristic morphology described in section 2.2.1 before isolating STEC from artificially 

contaminated food (minced beef) is illustrated in figure 6. No growth was observed on ChromVtec and 

ChromagarStec for serogroup O111, due to high levels of selectivity on these agar plates combined with 

AT. No growth was observed on ChromVtec and ChromagarStec for serogroup O113, the strain does not 

grow on these selective agar plates, table 6 and 7. 
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Table 6. Isolation of STEC serogroups O145, O111, O103, O113 and O121 in minced beef on different 

selective agar plates. Isolated STEC colonies are indicated by a plus and no isolation of STEC colonies is 

indicated by a minus. No growth is indicated with NG, the strain does not grow on the selective agar 

plate. Not done is indicated by ND, the strain has not been evaluated on the selective agar plate. Standard 

treatments such as IMS and AT were used to facilitate isolation of STEC. The inoculation level could not 

be calculated for serogroup O145, due to contamination on the NA plates.  

    Selective agar plates 

Serogroup 

(strain) 

 

CFU/25 g 

Food - 

matrix 

 

Treatment 

 

Chrom-

Vtec 

 

Chromagar-

Stec 

 

mRBA 

 

Tbx 

CT Smac-

Bcig 

Smac-

Bcig 

 

 

O145 (A08) 

No 

inoculation 

level could be 

calculated 

 

Minced 

beef 

NT + + + + + + 

IMS + + + + - + 

AT NG + + + + + 

 

O111 (C08) 

 

82 CFU/25 g 

 

Minced 

beef 

NT + + - - + + 

IMS + + + + + + 

AT NG NG - - - ND 

O103 (E7/11)  

154 CFU/25 g 

Minced 

beef 

NT + + - + + - 

IMS + + + + + + 

AT + + + + + - 

O113:H21 

(98NK2) 

141 CFU/25 g Minced 

beef 

NT - - + + - + 

AT NG NG + + - + 

 

O121 (3311) 

 

43 CFU/25 g 

Minced 

beef 

NT + + + + + + 

IMS + + + + + + 

AT + + + + + + 

 

Table 7. Isolation of STEC serogroups O157 and O26 on different selective agar plates in minced beef. 

Isolation of STEC colonies were indicated by a plus and no isolation was indicated by a minus. Not done 

is indicated by ND, the strain has not been evaluated on the selective agar plate. The inoculation level 

could not be calculated for serogroup O157, due to contamination on the NA plates. 

 
  

   
Selective agar plates 

Serogroup 

(strain) 

 

CFU/25 g 

 

Food- 

matrix 

 

Treatment 

 

Chrom-

Vtec 

 

Chromagar-

Stec 

 

mRBA 

 

Tbx 

CT-

Smac-

Bcig 

 

Smac-

Bcig 

 

CT-

Rmac 

 

Rmac 

 

CT-

Smac 

 

Smac 

 

O157 

(D08) 

 

No 

inoculation 

level could 

be 

calculated 

 

 

Minced 

beef 

NT + + - - + +  

 

 

ND 

 

 

 

ND 

+ - 

IMS ND + + ND + + + + 

 

AT 

 

+ 

 

+ 

 

ND 

 

ND 

 

+ 

 

+ 

 

+ 

 

+ 

O26 

(MI-

525/13) 

 

38 CFU/25 

g 

 

 

Minced 

beef 

 

NT  

ND 

+  

ND 

ND + + + +  

ND 

 

ND IMS + + + + + 

AT + + + + + 
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Figure 6. Showing characteristic pure STEC colonies on different selective agar plates. On the top, showing characteristic 

turquoise colonies for STEC O145 on Tbx (left). Showing characteristic mauve colonies for STEC O26 on ChromagarStec 

(middle) and characteristic dark green colonies for STEC O103 on ChromVtec (right). Below, showing characteristic dark 

grey colonies for STEC O111 on mRBA (left). Showing characteristic cerise colonies for STEC O121 on Smac-Bcig (right).         

3.2 Dilution of enrichment   
The aim was to facilitate the isolation of STEC from the background flora by performing a dilution of the 

primary enrichment broth. A tenfold dilution was performed in order to facilitate isolation of STEC from 

the background flora on different selective agar plates. Single colonies were picked from each selective 

agar plate. The results from the dilution of the primary enrichment broth were compared with the 

standard method, IMS, AT and direct plating (no treatment). The experiment was performed with STEC 

strains, from different serogroups, inoculated in sprouts. The results showed that no STEC colonies could 

be isolated from the dilution of the primary enrichment broth or by the standard method with IMS, AT 

and direct-plating, neither from the sample inoculated with STEC O111 (strain MF 2411) or STEC O103 

(strain MF 2494) (data not shown). Detection of strains (STEC O111 and STEC O103) could be detected 

among the background flora on the different selective agar plates. The results confirmed that STEC O111 

could be detected among the background flora on the different selective agar plates by the standard 

method with IMS, AT and no treatment. Also, STEC O111 was detected in the dilution of primary 

enrichment broth at 10-1 dilution. STEC O103 could be detected among the background flora on the 

different selective agar plates by the standard method with IMS and AT.    
 

3.3 Secondary enrichment 
The aim was to evaluate if secondary enrichment of two different dilutions (1:10 and 1:100) in different 

temperatures at 37 ℃, 41.5 ℃ and 44 ℃ could improve the isolation of STEC in food. The experiment 

was performed with STEC strains from different serogroups inoculated in sprouts and evaluated on six 

different selective agar plates. Single STEC colonies were picked from each selective agar plate and 
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confirmed with real-time PCR. No differences in isolation of STEC could be seen between the different 

dilutions. STEC O145 (strain A08) could be isolated after secondary enrichment in 41.5 ℃ (1:100) and 

44 ℃ (1:10 and 1:100) on the different selective agar plates (Fig. 8). Isolated STEC O145 (strain A08) 

appear as mauve colonies and can be observed on ChromagarStec at 44 ℃ 1:100 in figure 9.  

 

STEC O103 (strain MF 2494) was isolated from the following selective agar plates and temperatures; 

mRBA at 41,5 ℃ 1:10 and 44 ℃ 1:100, Tbx at 44 ℃ 1:100, Smac-Bcig at 44 ℃ 1:100 and CT Smac-

Bcig at 44 ℃ 1:100. Isolated STEC O103 colonies appeared as cerise on Smac-Bcig and was observed 

on this selective agar plate at 44 ℃ 1:100, figure 9. Due to no complete results from the experiment it 

was difficult to observe an association between isolation of STEC O103 with an increased temperature.   

 

STEC O157 (strain 493_89) was isolated from Tbx direct-plating (no treatment), at 37 ℃ (1:10 and 

1:100), 41,5 ℃ (1:10 and 1:100) and 44 ℃ (1:10 and 1:100). Due to no complete results from the 

experiment it was difficult to observe an association between isolation of STEC O157 with an increased 

temperature.      

 

STEC O111 (strain MF 2411) was isolated on the following selective agar plates; CT Smac-Bcig and 

Smac-Bcig by performing AT, ChromagarStec 44 ℃ (1:100) by performing IMS, ChromagarStec 37 ℃ 

(1:100), CT Smac-Bcig 37 ℃ (1:100), Smac-Bcig 37 ℃ (1:10 and 1:100) and Smac-Bcig (44 ℃ 1:10 

and 1:100) by performing AT. Due to no complete results from the experiment it was difficult to observe 

an association between isolation of STEC O111 with an increased temperature.   

 

 
Figure 8. Illustrating the number of selective agar plates of the six evaluated agar plates per temperature were isolation of 

STEC O145 (A08) was managed. The dilution 1:100 is shown in red bars and the dilution 1:10 in blue bars. 
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Figure 9. Showing presumptive isolated STEC O145 (strain A08) colonies appearing as mauve on ChromagarStec at 37 ℃ 

1:100, 41,5 ℃ 1:100 and 44 ℃ 1:100 (right). Showing presumptive isolated STEC O103 (strain MF 2494) colonies appearing 

as cerise at 37 ℃ 1:100, 41,5 ℃ 1:100 and 44 ℃ 1:100 (left).      
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4. Discussion  
4.1 Growth and morphology of different E. coli on different selective agar plates 
The results obtained from plating the different E. coli strains on the different selective agar plates showed 

that all tested strains for serogroups O103, O104, O111, O145 and O26 could grow on all selective agar 

plates tested. The majority of tested strains for the different serogroups had more difficulty to grow on 

the more selective agar plates ChromagarStec and ChromVtec compared to the other selective agar 

plates. One of the plates tested was Shibam where differentiation of STEC is based on the type of 

hemolysis it induces, table 5. It was difficult to observe whether the different E. coli strains induced alfa-

hemolysis or beta-hemolysis on the media. Possibly with more experience in the lab it could have been 

easier to observe and differentiate between alfa-hemolysis and beta-hemolysis. Also, the time 

consumption and difficulties in fabricating Shibam was taken into consideration when evaluating the 

agar plate. Based on these results from this experiment, the conclusion was not to continue with Shibam. 

Other studies have shown the opposite, that the use of Shibam facilitates the isolation of non-O157 STEC 

serogroups. It has been shown that around 90 % of isolated STEC from infected humans exhibit an 

enterohemolytic phenotype on Shibam agar which can be used as a diagnostic marker for the 

identification of the pathogen. Although, not all STEC induce hemolysis and not all hemolytic colonies 

are STEC (33).  

 

4.1.1 Isolation of STEC in artificially contaminated food matrices 
The results confirmed that no clear difference could be observed between the evaluation of different 

selective agar plates and the isolation of STEC in minced beef. The results were more based on the 

subjective assessment that was included when performing the experiment. For the majority of strains and 

different serogroups, it was more difficult to isolate STEC from the more selective agar plates 

ChromagarStec and ChromVtec in combination with AT, since AT is a tougher treatment compared to 

IMS. Although, STEC was isolated for the majority of the tested strains on mRBA, it was difficult to 

observe characteristic STEC colonies on the medium due to high levels of background flora. Differences 

in isolation of STEC could possibly have been observed between the different selective agar plates if the 

inoculation level had been lower. In addition, other food-matrices such as unpasteurized milk that usually 

contain high levels of background flora could have been tested to evaluate if there was any difference in 

isolation of STEC on the different selective agar plates.      

 

In conclusion, ChromVtec could potentially be replaced by ChromagarStec, since ChromagarStec is less 

time-consuming to produce, containing a prepared ampoule compared to ChromVtec, which takes more 

time to produce. mRBA could potentially be replaced by the more differentiated agar plates Smac-Bcig 

or the more selective agar plate CT Smac-Bcig. mRBA is more time-consuming to produce since it needs 

to be boiled in a certain way compared to CT Smac-Bcig and Smac-Bcig. CT Smac-Bcig has a prepared 

ampoule and therefore this agar can be more convenient to use compared to mRBA.  

 

4.2 Dilution of enrichment 
Two experiments were performed in which sprouts were inoculated with STEC O111 and STEC O103, 

respectively. The results confirmed no isolation of STEC colonies, neither from the sample inoculated 

with STEC O111 (strain MF 2411) or STEC O103 (strain MF 2494). The incubated primary enrichment 

broth was ten-fold diluted, STEC O111 and STEC O103 were diluted and not isolated in any dilution. 

Although, STEC O111 and STEC O103 could be detected among the background flora on the different 

selective agar plates by confirmation with real-time PCR (data not shown). In conclusion, no STEC 

colonies could be isolated when performing dilution of enrichment or when doing the ordinary method 
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with IMS, AT and direct-plating (no treatment). STEC O111 and STEC O103 could be detected among 

the background flora with real-time PCR on the more selective agar plates when doing the ordinary 

method with IMS, AT and direct-plating (no treatment) compared when performing dilution of 

enrichment. The overall conclusion was to not continue with the dilution of enrichment experiments.    

   

4.3 Secondary enrichment 

Several STEC strains have different abilities to grow at a higher temperature. Experiments have been 

performed with different STEC O157 strains, were an average optimal temperature of 40 ℃ has been 

shown to facilitate isolation of STEC O157, but there is limited knowledge about the optimal growth 

temperature for the non-O157 serogroups (34). Four experiments were performed with sprouts that were 

inoculated with different STEC strains and serogroups. For the majority of experiments with secondary 

enrichment there was no correlation between a higher temperature and the possibly for isolation of 

STEC. In addition, no difference in isolation of STEC at the different temperatures could be observed 

between the two different dilutions 1:10 and 1:100. For STEC O145 (strain A08) the results indicated an 

improved possibility to isolate STEC at a higher temperature at 41,5 ℃ (1:100) and at 44 ℃ (1:10 and 

1:100). For STEC O103 (strain MF 2494) there was a tendency that a higher temperature potentially 

could improve the possibility to isolate STEC at 41,5 ℃ and 44 ℃ but due to no complete results no 

conclusion can be made. At 37 ℃ there was more background flora and difficult to observe characteristic 

presumptive STEC colonies. A higher temperature reduced the background flora, and commensal E. coli 

could grow at a higher temperature. More experiments are needed to be done in order to investigate 

further if a higher temperature could potentially facilitate isolation of STEC.  

 

In conclusion a secondary enrichment at a higher temperature could potentially be used when isolation of 

STEC is difficult and will be done together with the ordinary method with IMS, AT and direct plating. 

STEC could not be found among the background flora on all the different selective agar plates due to 

limited results, if STEC would have been tested among the background flora on all selective agar plates, 

the results had given a clearer signal if a higher temperature would have an impact on the isolation of 

STEC from the background flora.   

 

4.4 Confirmation of single STEC colonies with real-time PCR 

In the experiment in section 3.1.2 single STEC colonies could be isolated in the majority of cases from 

the different selective agar plates. In a few cases, single STEC colonies could not be isolated on the 

different selective agar plates. Based on the subjective assessment the possible explanation was that few 

characteristic STEC colonies were picked from each selective agar plate and confirmed by real-time 

PCR. The results could probably have been different if more characteristic STEC colonies had been 

picked from each selective agar plate at the beginning of the experiment. When performing the 

experiment around 2 – 3 single colonies were picked from each selective agar plate and confirmed with 

real-time PCR. In future experiments, probably more characteristic STEC colonies are needed to be 

picked on each selective agar plate in order to facilitate isolation of STEC.  

 

In the experiment in section 3.2 single STEC O111 and STEC O103 colonies could not be isolated from 

any dilution on the different selective agar plates when confirming with real-time PCR. Since no single 

STEC colonies could be isolated on any selective agar plate, the additional alternative was to detect if 

STEC O111 and STEC O103 could be found among the background flora on each selective agar plate by 

confirmation with real-time PCR. Although, STEC was detected among the background flora, the results 

of the experiment were not complete and data cannot be shown because isolation of single STEC 
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colonies were not possible on any of the selective agar plates. Only two experiments were performed 

with two different serogroups, further experiments are probably needed to be done with different strains 

and serogroups to observe association between dilution of enrichment and isolation of STEC on different 

selective agar plates.  

 

4.5 Final conclusion/future perspective 

Although the experiment showed that STEC was isolated in the majority of cases on each agar plate, the 

amount of inoculated STEC was high. Indicating it was easier to isolate the pathogen at 100 CFU 

compared to 10 - 40 CFU. When performing experiments with dilution of enrichment, STEC was not 

isolated in any dilution. A possibility could be to test another ratio of dilution and to inoculate STEC 

with other food-matrices such as minced beef or unpasteurized milk, to see if the experiment could be 

improved. Secondary enrichment could possibly be used as an additional treatment together with the 

ordinary method; direct plating, IMS and AT. These treatments are reliable and used in many other 

studies, but do not always facilitate isolation of STEC from the background flora. In general, more 

experiments by testing and evaluating different selective agar plates for isolation of STEC in food are 

needed to be done in order to facilitate isolation of the pathogen from high levels of background flora in 

food.     

 

  



UPPSALA UNIVERSITET   Improved methodology for isolating Shiga toxin-producing E. coli   

                                                (STEC) in food                                                                         26 (29) 

 

   

 

 

 

 

 

5. Acknowledgements 
I would like to thank my supervisors Catarina Flink and Caroline Kaipe at National Food Agency for 

their patience and commitment to my work. I would also like to thank Moa Lavander for helping me with 

the project and all other colleagues that have contributed to my project. Also, thanks to Jimmy Sahlin and 

Celeste Lind for making all the substrate and contributing to my project.    

6. References 
1.  Karmali MA. Infection by shiga toxin-producing. Mol Biotechnol. 2004 Feb 1;26(2):117–22. 

2.  Caprioli A, Morabito S, Brugère H, Oswald E. Enterohaemorrhagic Escherichia coli: emerging issues 

on virulence and modes of transmission. Vet Res. 2005 May 1;36(3):289–311.  

3.  Gyles CL. Shiga toxin-producing Escherichia coli: An overview1. J Anim Sci. 2007 Mar 

1;85(suppl_13):E45–62.  

4.  Konowalchuk J, Speirs JI, Stavric S. Vero response to a cytotoxin of Escherichia coli. Infect Immun. 

1977 Dec 1;18(3):775–9.  

5.  Infektion med EHEC/VTEC - Ett nationellt strategidokument. :88.  

6.  Strachan NJC, Dunn GM, Locking ME, Reid TMS, Ogden ID. Escherichia coli O157: Burger bug or 

environmental pathogen? Int J Food Microbiol. 2006 Nov 1;112(2):129–37.  

7.  Nataro JP, Kaper JB. Diarrheagenic Escherichia coli. Clin Microbiol Rev. 1998 Jan 1;11(1):142–201.  

8.  Saeedi P, Yazdanparast M, Behzadi E, Salmanian AH, Mousavi SL, Nazarian S, et al. A review on 

strategies for decreasing E. coli O157:H7 risk in animals. Microb Pathog. 2017 Feb 1;103:186–95.  

9. Folkhälsomyndigheten [Internet]. [cited 2018 Jun 23] Enterohemorragisk E. coli infektion (EHEC) 

Available from: http://www.folkhalsomyndigheten.se/folkhalsorapportering-

statistik/statistikdatabaser-och-visualisering/sjukdomsstatistik/enterohemorragisk-e-coli-infektion-

ehec/ 

10. Folkhälsomyndigheten [Internet]. [cited 2018 Jun 23]. Epidemiologisk årsrapport 2015.  

Available from: http://www.folkhalsomyndigheten.se/publicerat-

material/publikationsarkiv/e/epidemiologisk-arsrapport-2015/ 

 

11. European Centre for Disease Prevention and Control. [cited 2018 Jun 23]. Disease data from ECDC 

Surveillance Atlas. Available from: http://ecdc.europa.eu/en/escherichia-coli-ecoli/surveillance/atlas  

 

12.  Blanco M, Blanco JE, Mora A, Rey J, Alonso JM, Hermoso M, et al. Serotypes, Virulence Genes, 

and Intimin Types of Shiga Toxin (Verotoxin)-Producing Escherichia coli Isolates from Healthy 

Sheep in Spain. J Clin Microbiol. 2003 Apr 1;41(4):1351–6.  

13.  Newell DG, Ragione RML. Enterohaemorrhagic and other Shiga toxin-producing Escherichia coli 

(STEC): Where are we now regarding diagnostics and control strategies? Transbound Emerg Dis. 

65(S1):49–71.  



UPPSALA UNIVERSITET   Improved methodology for isolating Shiga toxin-producing E. coli   

                                                (STEC) in food                                                                         27 (29) 

 

   

 

 

 

 

 

14.  Tozzi AE, Caprioli A, Minelli F, Gianviti A, De Petris L, Edefonti A, et al. Shiga Toxin–Producing 

Escherichia coli Infections Associated with Hemolytic Uremic Syndrome, Italy, 1988–2000. Emerg 

Infect Dis. 2003 Jan;9(1):106–8.  

15.  Gilmour MW, Chui L, Chiu T, Tracz DM, Hagedorn K, Tschetter L, et al. Isolation and detection of 

Shiga toxin-producing Escherichia coli in clinical stool samples using conventional and molecular 

methods. J Med Microbiol. 2009;58(7):905–11.  

16.  Farrokh C, Jordan K, Auvray F, Glass K, Oppegaard H, Raynaud S, et al. Review of Shiga-toxin-

producing Escherichia coli (STEC) and their significance in dairy production. Int J Food Microbiol. 

2013 Mar 15;162(2):190–212.  

17.  Stevens MP, Frankel GM. The Locus of Enterocyte Effacement and Associated Virulence Factors of 

Enterohemorrhagic Escherichia coli. Enterohemorrhagic Escherichia Coli Shiga Toxin-Prod E Coli. 

2015 Jan 1;131–55.  

18. Law D. Virulence factors of Escherichia coli O157 and other Shiga toxin‐producing E. coli. Journal   

of Applied Microbiology - Wiley Online Library [Internet]. [cited 2018 Jun 23]. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.01031.x 

 

19.  Eklund M, Leino K, Siitonen A. Clinical Escherichia coli Strains Carrying stx Genes: stx Variants 

and stx-Positive Virulence Profiles. J Clin Microbiol. 2002 Dec 1;40(12):4585–93.  

20.  Krüger A, Lucchesi PMA. Shiga toxins and stx phages: highly diverse entities. Microbiology. 

2015;161(3):451–62.  

21.  Donnenberg MS, Tzipori S, McKee ML, O’Brien AD, Alroy J, Kaper JB. The role of the eae gene of 

enterohemorrhagic Escherichia coli in intimate attachment in vitro and in a porcine model. J Clin 

Invest. 1993 Sep 1;92(3):1418–24.  

22.  Kaper JB, Nataro JP, Mobley HLT. Pathogenic Escherichia coli. Nat Rev Microbiol. 2004 

Feb;2(2):123–40.  

23. Wong 2011. Enteropathogenic and enterohaemorrhagic Escherichia coli: even more subversive 

elements. Molecular Microbiology - Wiley Online Library [Internet]. [cited 2018 Jun 23]. Available 

from: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2958.2011.07661.x  

 

24.  Strachan NJC, Dunn GM, Locking ME, Reid TMS, Ogden ID. Escherichia coli O157: Burger bug or 

environmental pathogen? Int J Food Microbiol. 2006 Nov 1;112(2):129–37.  

25. Folkhälsomyndigheten [Internet]. [cited 2018 Jun 24]. Utbrott anmälningspliktiga sjukdomar. 

Available from: http://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/arsrapporter-

anmalningspliktiga-sjukdomar/arsrapporter-2016/utbrott/ 

 

26. Boer E.D. Methods for the detection and isolation of Shiga toxin‐producing Escherichia coli. Journal 

of Applied Microbiology - Wiley Online Library [Internet]. [cited 2018 Jun 23]. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2672.2000.tb05341.x 

 



UPPSALA UNIVERSITET   Improved methodology for isolating Shiga toxin-producing E. coli   

                                                (STEC) in food                                                                         28 (29) 

 

   

 

 

 

 

 

27.  Tillman GE, Wasilenko JL, Simmons M, Lauze TA, Minicozzi J, Oakley BB, et al. Isolation of 

Shiga Toxin–Producing Escherichia coli Serogroups O26, O45, O103, O111, O121, and O145 from 

Ground Beef Using Modified Rainbow Agar and Post–Immunomagnetic Separation Acid Treatment. 

J Food Prot. 2012 Sep 1;75(9):1548–54.  

28.  Chapman PA, Siddons CA, Zadik PM, Jewes L. An improved selective medium for the isolation of 

Escherichia coli O 157. J Med Microbiol. 1991;35(2):107–10.  

29.  Possé B, De Zutter L, Heyndrickx M, Herman L. Novel differential and confirmation plating media 

for Shiga toxin-producing Escherichia coli serotypes O26, O103, O111, O145 and sorbitol-positive 

and -negative O157. FEMS Microbiol Lett. 2008 May 1;282(1):124–31.  

30.  Hiramatsu R, Matsumoto M, Miwa Y, Suzuki Y, Saito M, Miyazaki Y. Characterization of Shiga 

Toxin-Producing Escherichia coli O26 Strains and Establishment of Selective Isolation Media for 

These Strains. J Clin Microbiol. 2002 Mar 1;40(3):922–5.  

31. Thermo Fisher Scientific [Internet]. [cited 2018 Jun 24]. Dynabeads EPEC/VTEC O103.  

Available from: https://www.thermofisher.com/order/catalog/product/71011 

 

32.  Fedio WM, Jinneman KC, Yoshitomi KJ, Zapata R, Weagant SD. Efficacy of a post enrichment acid 

treatment for isolation of Escherichia coli O157:H7 from alfalfa sprouts. Food Microbiol. 2012 May 

1;30(1):83–90.  

33.  Lin A, Nguyen L, Clotilde LM, Kase JA, Son I, Lauzon CR. Isolation of Shiga toxin-producing 

Escherichia coli from fresh produce using STEC heart infusion washed blood agar with mitomycin-

C. J Food Prot. 2012 Nov;75(11):2028–30.  

34.  Vimont A, Vernozy‐Rozand C, Delignette‐Muller M-L. Isolation of E. coli O157:H7 and non-O157 

STEC in different matrices: review of the most commonly used enrichment protocols. Lett Appl 

Microbiol. 42(2):102–8.  

35. Perelle S. Detection of Escherichia coli serogroup O103 by real‐time polymerase chain reaction. 

Journal of Applied Microbiology - Wiley Online Library [Internet]. [cited 2018 Jun 23]. Available 

from: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2005.02545.x 

36.  Lin A, Sultan O, Lau HK, Wong E, Hartman G, Lauzon CR. O serogroup specific real time PCR 

assays for the detection and identification of nine clinically relevant non-O157 STECs. Food 

Microbiol. 2011 May 1;28(3):478–83.  

37.  Perelle S, Dilasser F, Grout J, Fach P. Detection by 5′-nuclease PCR of Shiga-toxin producing 

Escherichia coli O26, O55, O91, O103, O111, O113, O145 and O157:H7, associated with the 

world’s most frequent clinical cases. Mol Cell Probes. 2004 Jun 1;18(3):185–92.  

  



UPPSALA UNIVERSITET   Improved methodology for isolating Shiga toxin-producing E. coli   

                                                (STEC) in food                                                                         29 (29) 

 

   

 

 

 

 

 

7. Appendix 1  
 

Table 1. Summary of the primers and probes used for real-time PCR (35) (36) (37).  

 

 

 

 

 

Serogroup 

 

 

 

Target- 

gene 

 

 

 

 

Forward primer 5` − 3` 

 

 

 

 

Reverse primer 5` − 3` 

 

 

 

 

Probe 

 

 

 

 

Reference 

 

 

 

 

 

E. coli O157 

 

 

 

 

 

rfbE 

 

 

 

(O157 F) (Eurofins™) 

TTTCACACTTATTGGATGGT

CTCAA 

 

 

 

(O157 R) (Eurofins™)  

CGATGAGTTTATCTGC

AAGGTGAT 

(O157 P) (Eurofins™) 

FAM- 

AGGACCGCAGAGGA

AAGAGAGGAATTAA

GG-TAMRA 

 

 

 

 

(37) 

 

 

 

 

E. coli O26 

 

 

 

 

wzx 

 

 

(O26 F) (Eurofins™)  

CGCGACGGCAGAGAAAATT 

 

 

(O26 R) (Eurofins™)  

AGCAGGCTTTTATATT

CTCCAACTTT 

 

 

(O26 P) (Eurofins™) 

FAM- 

CCCCGTTAAATCAAT

ACTATTTCACGAGGT

TGA-TAMRA 

 

 

 

 

(37) 

 

 

 

 

E. coli O111 

 

 

 

 

wbdl 

 

 

(O111 F) (Eurofins™) 

CGAGGCAACACATTATATA

GTGCTTT 

 

 

(O111 R) (Eurofins™)  

TTTTTGAATAGTTATG

AACATCTTGTTTAGC 

 

 

(O111 P) (Eurofins™) 

FAM- 

TTGAATCTCCCAGAT

GATCAACATCGTGA

A-TAMRA 

 

 

 

 

(37) 

 

 

 

 

E. coli O145 

 

 

 

 

Ihp1 

 

 

(O145 F) (Eurofins™) 

CGATAATATTTACCCCACCA

GTACAG 

 

 

 

(O145 R) (Eurofins™)                

GCCGCCGCAATGCTT 

 

 

(O145 P) (Eurofins™) 

FAM- 

CCGCCATTCAGAAT

GCACACAATATCG-

TAMRA 

 

 

 

 

(37) 

 

 

 

E. coli O103 

 

 

 

wzx 

 

(O103 F) (Eurofins™)  

CAAGGTGATTACGAAAATG

CATGT 

 

(O103 R) (Eurofins™) 

GAAAAAAGCACCCCC

GTACTTAT 

 

 

(O103 P) (Eurofins™) 

FAM- 

CATAGCCTGTTGTTT

TAT-MGB 

 

 

(35) 

 

 

 

E. coli O121 

 

 

 

wzy 

 

 

(O121 F) (Eurofins™)     

TGGATGGCATTCCTCAGTAT 

 

 

(O121 R) (Eurofins™)     

AGCAAGCCAAAACAC

TCAAC 

 

 

(O121 P) (Eurofins™) 

FAM-BHQ1    

TTAACACGGGCGTG

GTTGGA 

 

 

 

(36) 

 

E. coli O113 

 

wzx 

(O113 F) (Eurofins™)     

TGACCTTACTTCCTGCGAAT 

(O113 R) (Eurofins™) 

AGCACCACGATAGGA

TTGAA 

(O113 P) (Eurofins™) 

HEX/BHQ   

CCTGGGAGGAGGCT

GCAAAA 

 

(36) 


