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Útdráttur    
Kröfur neytenda um fersk og óunnin matvæli hafa aukist síðustu ár, líkt og ferskt 

grænmeti í hentugum stærðum og umbúðum. Sú staðreynd veldur áhyggjum þar 

sem matvælaöryggi er ótryggt í slíkum matvælum, m.a. vegna útbreiðslu sýkla 

í matvælum. Því hefur orðið til meiri eftirspurn á fljótvirkari aðferðum til 

greininga á mannasýklum í matvælum. Margar hópsýkingar og skaðlegar 

menganir í grænmeti hafa verið tengdar við matvælasýkilinn E. coli O157:H7, 

sem getur valdið lífshættulegum sjúkdómum.  

Meginmarkmið rannsóknarinnar er tvenns konar.  Í fyrsta lagi að fá 

innsýn í reynslu grænmetisbænda á sýkingum í grænmetisplöntum og fá 

skoðanir þeirra á greiningaraðferðum í dag, með hálf-opnum viðtölum. Í öðru 

lagi er framkvæmd PCR og rauntíma-PCR á stofnum, af ættkvíslum 

Escherichia og/eða Shigella, úr stofnasafni Auðlindardeildar Háskólans á 

Akureyri í ferskum gúrkum. Skimað var eftir þrem genum sýkingarþátta E. coli 

O157:H7: eae, rfbE og stx2. Gúrka (Cucumis sativus) var valin vegna þess að 

mesta hætta á mannasýklum er til staðar í óelduðum matvælum en neysla á 

smáum tómötum og gúrkum hefur aukist á Íslandi síðustu ár. 

Niðurstöður verkefnisins leiddu í ljós að sýkingarþættir E. coli O157:H7 

voru ekki til staðar í stofnum rannsóknarinnar. Algengar sveppasýkingar, ásamt 

nýframkomnum vírusssýkingum komu fram í viðtölum, en engar 

bakteríusýkingar nefndar. Greiningaraðferðir sýkla virðast vera í höndum 

ráðunauta frá bandalögum tengdum garðyrkju eða landbúnaði.  

 
Lykilorð: Escherichia coli, gróðurhúsaræktun, grænmetisbændur, rauntíma-

PCR, greiningaraðferðir.  
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Abstract    
The increasing demands of fresh and ready-to-eat food poses many health 

concerns among transmission of foodborne pathogens. Therefore, an escalating 

request is for more rapid methods of detecting foodborne pathogens. Many 

outbreaks and common food contamination are associated with infections 

because of E. coli O157:H7, which can cause life-threatening conditions in 

humans.  

  The main objective of the research was twofold. The first part was to 

gain insight to microorganism in vegetable production and the detection process 

of pathogens with semi-structured interviews. The second part included 

detections methods, PCR and Real-Time PCR, to detect strains that belong to 

the genus Eshcerichia and/or Shigella from the Microbial Culture Collection in 

Háskólinn á Akureyri, in fresh cucumber. The aim is to perform both PCR 

assays to detect the virulence genes eae, rfbE and stx2, because of their existence 

in E. coli serotype O157:H7. Cucumber (Cucumis sativus) was chosen as a 

vegetable model, where the most danger of human pathogens are in products 

eaten fresh and uncooked. Additionally, there has been an increase in 

consumption of smaller sizes of cucumber and tomatoes in Iceland in the last 

years. 

  The results of this project revealed that strains in this study did not 

include the virulence genes of E. coli serotype O157:H7. Common fungi 

infections and newly emerging viral infections were the main topics in the 

interviews. However, no bacterial infections were mentioned. The detection 

methods of pathogens seem to be in the hands of federations associated with 

horticulture and agriculture. 

 

Keywords: Escherichia coli, greenhouse production, horticultural farmer, Real-

Time PCR, detection method. 
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1   Introduction  
Ready-to-eat fresh vegetables and fruit are becoming increasingly popular 

products, such as fresh tomatoes and cucumbers in convenient finger food sizes 

and handy packages (Russo et al., 2014). The rising interest in this kind of food 

products poses many safety concerns including the transmission of foodborne 

pathogens which may represent an underestimated public health risk (Mader, 

2014). Ideally, food should not be a cause of public health concern but it is a 

fact that the incidence of foodborne diseases has increased over the years (Law 

et al., 2014). In order to prevent the spread of infectious diseases, protect public 

health and ensure food safety, there is an escalating demand for more rapid 

methods of detecting foodborne pathogens (Zhao et al., 2014). Culture-based 

methods in the food surveillance are relatively labour intensive and time-

consuming. It normally takes 2-3 days to get initial results and one week for 

confirming the presence of a specific pathogen, such as Listeria monocytogenes 

or specific serotypes of E. coli. The investigation of an outbreak of foodborne 

infections needs more rapid methods for immediate prevention of further 

distribution (Adams et al., 2016).  

All of us have probably experienced the intestinal discomfort known 

colloquially as food poisoning, where the source was a mishandled food due to 

bacterial load (Mader, 2014). Foodborne diseases are defined by WHO as any 

diseases of an infectious or toxic nature cause by, or thought to be caused by, 

the consumption of water or food (Adams et al., 2016). Once bacteria invade 

the human body through the gastrointestinal tract and have the right conditions 

for growth and reproduction, the body becomes the host of the bacteria, 

supplying enzymes and nutrients that the bacteria require for growth. 

Unchallenged, the invading bacteria multiply and further invade tissue, causing 

destruction or degeneration and therefore, illnesses (Karch, 2010).  

Most foodborne illnesses are described as single cases that are not 

related to other instances while an outbreak is defined as two or more cases 

linked to a common factor (Adams et al., 2016). To highlight the danger 

following an outbreak of pathogenic bacteria, around 60 people of ten states 

became infected in 2011 from E. coli serotype O157:H7 due to contaminated 

Romaine lettuce (Mader, 2014). That same year, a severe outbreak of E. coli 
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serotype O104:H4 sickened 852 people and caused 32 deaths in Germany 

because of contaminated fenugreek sprouts (Gullino & Bonants, 2014). Deaths 

due to otherwise preventable foodborne illnesses highlight the need for rapid 

detection.  

1.1   Vegetable  production    
A few of the reasons why vegetable production is successful in Iceland, an island 

in the north Atlantic Ocean, are the long hours of light in the summer, the moist 

soil and the suitable temperate climate with frequent precipitation. The 

beginning of green fodder horticulture in Iceland was in 1950-1960, when 

Icelanders began to grow kale for their grazing lands and farm animals. In the 

start of the 19th century, the gardening knowledge spread and led to the first 

greenhouse operation that started in the 20th century in Reykjavík and Akureyri 

(Þorkelsson et al., 2012).  

Horticultural farmers in Iceland have the good fortune to have access to 

the geothermal heat in Iceland. The hot water coming from underground is used 

to heat up the greenhouses and that is the main reason why the horticultural 

farmers are mostly located on the geothermal areas in Iceland. Flúðir, Laugarás, 

Reykholt, Hveravellir and Borgarfjörður include the biggest vegetable 

production in Iceland (Jónsson, e.d.). Icelandic farmers do also have the ability 

to reuse their irrigation water. The water is filtered and the same water is often 

used three times and becomes even more nutritious with the filtering and makes 

the fertilizer used in the gardening have a longer lifespan (Þorkelsson et al,. 

2012).  

  The production of vegetables in Iceland can be split into two categories: 

greenhouse operation and outdoor production. Tomatoes, peppers and 

cucumbers are most abundant in greenhouse production and are grown all year 

round. Other greenhouse types are strawberries, mushrooms, parsley along with 

few types of salads. Primary types grown outdoor are carrots, turnips, potatoes, 

Chinese cabbage, cauliflower and white cabbage (Björn Þór Árnason & Daði 

Már Kristófersson, 2010). Salads and bell peppers are most abundant types of 

imported vegetables or 90% of the products sold in grocery stores. 

  The development of horticulture farmers in Iceland shows that fewer 

companies and larger business units have formed the last years. The farmers 
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have more specific production and focus on few types of vegetable, instead of 

many at the same time. Sölufélag garðyrkjumanna is the largest vegetable 

distributor in Iceland. Some horticulture farmers can not keep up with demands, 

for example in broccoli, cauliflower, and carrots along with peppers. It has been 

shown that Icelandic consumers will rather buy vegetables grown in Iceland 

than imported vegetable, including salads (Þorkelsson et al., 2012).  

   

 

Figure  1.  The  increased  production  of  vegetables  in  Iceland  in  the  years  1986-2016.  
Cucumbers  and  tomatoes  show  dominant  increasement,  or  more  than  150%,  while  
other  types  show  less  enlargement.  The  only  type  of  vegetable  that  shows  a  

decrease  in  production  is  white  cabbage  (Hagstofa  Íslands,  2018a).  

Consumers requirements are constantly changing with respect to foods and  

recently, a desire for foods that are perceived to be more natural (i.e. organic), 

fresher and healthier, with less use of artificial additives, and foods that are safe 

from pathogenic microorganisms have been dominant (Gould, 2012). These 

demands may have led to the increased vegetable production in the last 30 years 

in Iceland, shown in Figure 1. The production increased about 40% in the years 

1995 to 2008. However, in the year 2002 was a change in the production where 

the customs duty was abolished and the production decreased (Björn Þór 

Árnason & Daði Már Kristófersson, 2010). In the beginning of 2009, a rise in 

the electricity price occured and according to Þorkelsson et al. (2012), the 

greenhouse production of cucumbers, tomatoes and peppers decreased about 6% 

whereas the importation increased about 1,2%. The year 2010 the values had 
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increased again as the production increased and importation decreased 

(Þorkelsson et al., 2012).  

1.2   Vegetable  contamination    
Microbial contamination of fresh vegetables and fruits can occur for many 

reasons, most commonly because of wrong environmental situations: a lack of 

hygiene and/or wrong storage temperature (Matvælastofnun, 2002). Since some 

vegetables, such as cucumbers and salads, are not normally cooked before 

consumption, it is very important to avoid contamination during production 

(Adams et al., 2016).  

  The factors that encourage the chances of contamination and make the 

vegetable a good place for bacteria to grow are the high water activity, high 

water content, low sugar content, and the pH value close to 7 (Matvælastofnun, 

2002). The environment in which food processing is carried out is an important 

factor in verifying product quality (Adams et al., 2016). A microbial 

contamination in plant-derived foods can occur at any stage of the production, 

from pre-harvest stage to grocery stores or wholesales, and are categoriesed in 

internal and external environmental factors (Berger et al., 2010).  

  Internal environmental factors include the environment inside the food, 

such as natural preservative, pH, nutrient content, redox potential and water 

activity (Aw). Most vegetables have a higher pH value than fruit and are 

therefore more prone to spoilage caused by microorganisms. The two most 

important factors are the water activity and the nutritional content. 

Microorganisms need water, energy, source of nitrogen, minerals and several 

growth factors to thrive in food so the nutritional content have a profound effect 

of which types of microorganisms can live and grow in the food 

(Matvælastofnun, 2002).  

    External environmental factors include the environment around the 

food, such as the gaseous atmosphere, relative humidity and the most important 

factor, the storage temperature. Doubling the storage temperature can half the 

storage time for some groceries. The human pathogens in food are mostly 

mesophiles, grow around 30-40°C, and can not grow in the temperature of a 

refrigerator. Relative humidity is an important factor that affects the water 

activity of food. The concentration of the gases, including oxygen, around the 
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food affect the type of microorganisms around, whether it is anaerobic or 

aerobic (Matvælastofnun, 2002).   

1.2.1   Food  pathogens  
Although food is essential to maintain life, it can also be responsible for bad 

health. Humans need bacteria in their digestive system for help to break down 

food and digest it, known as commensal bacteria. Most types of bacteria are 

harmless, but significant bacteria do cause diseases and are called pathogen. 

Unfortunately, even commensal bacteria can become pathogenic if the right 

conditions develops, often called opportunistic pathogen, such as E. coli that 

lives normally in the colon, can proliferate and out compete other intestinal flora 

(Nair & Peate, 2013).  

  Food poisonings range from mild gastrointestinal upsets through to life-

threatening conditions, especially for people particularly susceptible to the more 

serious consequences of foodborne diseases. Forty years ago, food hazards such 

as Listeria monocytogenes and Campylobacter were simply not recognised and 

other pathogens such as Cronobacter sakazakii and E. coli strains that produce 

Shigatoxin have appeared even more recently. A number of factors can be a 

reason for these emerging pathogens, such as changes in food processing, 

changes in farming practises, increased international trade in food and 

movement of people along with lifestyle changes (Adams et al., 2016).  

To aim the focus on the danger of these pathogens, the enterotoxigenic 

E. coli and Shigella are among two of the four main causative agent of severe 

diarrhea among children in Africa and South Asia and E. coli is one of the main 

species that cause large outbreaks associated with fresh food and water (Croxen 

et al., 2013; Yaron & Römling, 2014).  

1.2.1.1   Human  pathogens  on  vegetable  plants  
Plant pathogens typically grow rapidly and thrive in the environment in the 

tissues of plants. Microorganisms that adhere to the surface of the vegetables 

are mainly Gram-negative bacteria or fungus that grow on decaying organic 

matter, that may survive even after washing steps due to the formation of 

biofilms (Mritunjay & Kumar, 2017). Common pathogens on vegetables and 

fruits include Clostridium botulinum, Listeria monocytogenes, Bacillus cereus, 

Clostridium perfringens and Escherichia coli strains and located mostly on the 
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surface (Adams et al., 2016). Although human pathogens occur in low numbers, 

they could have significant public health consequences. Recently, outbreaks 

associated with human pathogens on vegetable plants, such as spinach, peppers, 

lettuce, tomatoes and green onions, have occurred frequently (Gullino & 

Bonants, 2014).  

  For the transmission of human pathogens, fruits and vegetables, 

especially leafy greens that are consumed raw, are increasingly being 

recognized as important vehicles. Contamination in vegetables by bacterial 

pathogens may occur at any point throughout the production system. Potential 

pre-harvest sources include irrigation water, soil, insects, human handling and 

manure as the post harvesting processes range from storage and rinsing to 

cutting (Kljujev et al., 2018). 

  Many factors can contribute to microbial contamination of vegetables in 

the production. Environmental factors, such as the workers hygiene and 

contaminated equipment surfaces on the travel from the farm to the consumer 

can cause a contamination in every step of the travel (Gullino & Bonants, 2014). 

The irrigation water along with the use of water in postharvest processing have 

been found to be likely an important possible source of the transfer of the 

pathogen, and therefore of contamination in the field (Berger et al., 2010). 

1.2.1.2   The  family  Enterobacteriaceae  
The family Enterobacteriaceae include both human pathogens 

associated with plant food, such as Escherichia, Shigella, and Salmonella, and 

plant pathogens including Erwinia, Enterobacter, and Pectobacterium (Gullino 

& Bonants, 2014). Shigella species and Escherichia coli are closely related 

organisms while few characteristic are dissimilar. E. coli strains usually have 

flagella and ferment lactose whereas Shigella species do not express their 

flagella genes, exept under rare circumstances, and do not contain any of the lac 

genes required for fermentation of lactose (Zuo et al., 2013; Ragupathi et al., 

2018). Shigella and EIEC strains are genetically similar as both genera contain 

the ipaH invasive gene which may result in human illnesses (Newitt et al., 

2016). Molecular identification using 16S rDNA sequencing is not sufficient 

method to differentiate E. coli and Shigella serogroup because of sequence 

similarities were >99% for EHEC, EIEC and Shigella spp. However, duplex 
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Real-Time PCR, which is based on target-specific Real-Time PCR can be 

applied for accurate differentiation because of lac genes specificity for E. coli 

(Ragupathi et al., 2018). 

1.2.2   E.  coli:  Opportunistic  food  pathogen  
Escherichia coli, or E. coli, is one of the best studied bacteria in the world. E. 

coli is a model organism for cellular and molecular biology and is better 

characterized than any other cell. The first report on strains of the genus 

Escherichia were published in 1886 by Theodor Escherich. E. coli is a Gram-

negative bacteria and belongs to the class Gammaproteobacteria (Staley et al., 

2007). E. coli is a mesophilic facultative anaerobe, meaning it can grow both 

anaerobically and aerobically, and has one of the shortest generation time of 

bacteria, about 20 minutes under optimum conditions (Diaz et al., 2001). Classic 

serotyping of E. coli strains is based on the O (somatic) polysaccharides and H 

(flagellar) surface antigens and currently are 174  O and 53 H antigens 

recognized (Croxen et al., 2013). 

As mentioned, E. coli is most often harmless but some strains can be 

dangerous. Pathogenic E. coli can cause a broad range of human diseases and 

the most common diseases are diarrhea, sepsis, urinary tract infections and 

meningitis. E. coli strains can also cause pyelonephritis, a sudden or severe 

infection in the kidneys, pneumonia and in worst cases, haemolytic uremic 

syndrome (HUS) that can result in severe illness or even death (Mader, 2014). 

Human diarrhea of varying severity caused by E. coli strains have been divided 

into six categories: enteroinvasive E. coli (EIEC), enterotoxigenic E. coli 

(ETEC), enterohemorrhagic E. coli (EHEC/STEC), enteropathogenic E. coli 

(EPEC), enteroaggregative E. coli (EAEC) and diffusely adherent E. coli 

(DAEC) (Rodriguez-Lazaro, 2013). 

1.2.2.1   Virulence  factors  of  E.  coli  

Genome sizes of E. coli are different between pathogenic variants and 

commensals. Pathogenic variants include extra genetic amount that can contain 

virulence and fitness genes, often a mobile genetic elements such as 

transposons, plasmids or bacteriophages (Croxen et al., 2013; Gullino & 

Bonants, 2014). These elements can take part in horizontal gene transfer and 
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therefore can result in the formation of new bacterial strains (Gullino & Bonants, 

2014). 

Most genes encoding for virulence factors found in pathogenic E. coli 

are derived from these mobile genetic elements. Most of the toxins required for 

ETEC are almost all on plasmids, while EHEC and EPEC strains would possess 

the attaching and effacting (eae) gene that correlates with possession of 35-kb 

locus of enterocyte effacement (LEE) pathogenicity island (Croxen et al., 2013; 

Seung-Hak et al., 2010). The LEE region of E. coli serotype O157:H7 has 54 

genes and codes for type III secretion system, such as four variants of the gene 

tir (the translocated receptor), the outer surface protein intimin, coded by seven 

variants of eae, and secreted effector protein (Esp) such as three variants of the 

gene espD (Nielsen & Andersen, 2003).  

E. coli O157:H7 belongs to the EHEC serotypes which defines strains 

that produce Shigatoxin. Beef and other cattle products, are the most commonly 

recognized sources of E. coli O157 infections. However, vegetable and fruits 

consumed raw are also an important source (Berger et al., 2010). Other common 

serotypes that are frequently implicate in severe clinical illness worldwide are 

O26:H11, O111:H8, O103:H2, O45:H2, O121:H19 and O145:H28 (Delannoy 

et al., 2013). 1,4% of the total number of reported foodborne outbreaks in 2012 

in the EU were caused by pathogenic E. coli and the serotype O157:H7 was the 

most commonly identified EHEC serogroup, or 53% of reported occurrences 

(Rodriguez-Lazaro, 2013). 

  Detecting foodborne pathogens is most exact by determining not only 

the serogroup but also the presence of the genes associated with virulence. 

Traditional culture test is easily performed but the differentiation between 

pathogens or serotypes requires molecular-based techniques, such as PCR or 

Real-Time PCR. One of the most common approaches is the verification of the 

Shiga toxin 1 and 2, or the genes stx1 and stx2, since they are the main pathogenic 

property of EHEC strains. Stx2 is more often implicated in HUS and may be 

more important in human infections where researches show that people are 7% 

more likely to develop severe disease infected with E. coli O157:H7 carrying 

only stx2, than those infected with strains carrying both Shiga toxin genes. The 

rbfE gene is also an O157:H7 specific virulence factor and encodes perosamine 

synthetase and O-antigen production (Gullino & Bonants, 2014; West et al., 
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2007). Additionally, the eae gene is among the targets frequently used for Real-

Time PCR and encodes for the outer membrane adhesion, intimin, mediating 

both close contact between EHEC or EPEC and intestinal epithelial cells and 

lesions in the intestinal mucosa (Rodriguez-Lazaro, 2013; Verstraete et al., 

2014; Nielsen & Andersen, 2003). 

1.2.2.2   E.  coli  O157:H7  in  vegetable  plants  

Many outbreaks of E. coli O157:H7 infections are associated with 

contaminated leafy lettuce, potatoes, alfalfa sprouts and radish sprouts and the 

strain has been isolated from many vegetables, such as coriander, cabbage and 

celery (Saeed et al., 2013; Kljujev et al., 2018). Studies have implicated 

contaminated flies that transfer E. coli O157:H7 to plant leaves along with 

contamination in spinach leaves after contaminated water and/or manure with 

E. coli O157:H7 was put dropped on the leaves (Berger et al., 2010). 

E. coli O157:H7 has shown the ability to bind to lettuce leaves with 

mechanisms involving the filamentous type III secretions system (T3SS) which 

is composed of EspA filaments, which are designed to translocate effector 

proteins into mammalian cells (Berger et al., 2010). E. coli O157:H7 has shown 

a strong adhere, which is mediated by curli, to spinach leaves, tomato skin and 

root of alfalfa sprouts. Curli is positioned on the surface of E. coli and have 

shown to be one of the attachment factors in the adhesion process. It has also 

been shown that E. coli O157:H7 along with strains belonging to EPEC 

adhesions to salad leaves is mediated by the T3SS. The main adhesin mediating 

attachment of ETEC to the epidermis of lettuce leaves is the flagella which plays 

an important role in E. coli O157:H7 leaf attachment (Berger et al., 2010). 

Researches have shown that after spraying lettuce plants with E. coli 

O157:H7, the pathogen was still present 30 days later. Contamination of E. coli 

O157:H7 was still in place after washing, indicating that spray and surface 

irrigation of food with water poses important risks (Gadd & Sariaslani, 2011). 

Many factors affect the pathogen survival in fertilized soil, such as soil type, 

desiccation and weather conditions (Ingham et al., 2004). 

  Contamination of approximately 20% of products occur on the farm, 

while 80% was associated with improper handling of produce after leaving the 

farm (Yaron & Römling, 2014). However, contaminated irrigation water is not 
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required for E. coli O157:H7 to infect the lettuce leaves whereas it can enter the 

roots of young lettuce plants (Kljujev et al., 2018). Other researches have also 

shown that some of pathogenic bacteria can enter inside leaf through stomata 

(Berger et al., 2010). 

1.2.3   Prevention  against  pathogens  in  vegetable  plants  
In the last decades, there has been a paradigm shift in the application of chemical 

pesticides in agriculture, and especially in the food industry. Regular spraying 

chemicals on plants is both time consuming and physical labour along with the 

chance that the pests develops a resistance against the pesticides. The current  

view among both vegetable farmers and the general public, favors a decrease in 

the use of these pesticides, mostly because of the increase in consumer demands 

for organically grown produce and concerns over the health and environmental 

impacts of pesticides. Even if the chemicals pose no significant hazards, 

mistakes in handling in their usage can always emerge and therefore pose a risk 

for ecosystems and health risks to humans (Pappas et al., 2017). Because of the 

negative health and environmental effects, the most hazardous pesticides have 

been forbidden from the US and European markets (Garðar Árnason, 1993). 

  Biological control is one way to manage agriculture pests with the use 

of their natural enemies (Pappas et al., 2017). Defence affects the herbivores 

either directly by killing them or by slowing down their population growth or 

alternatively indirectly by attracting the natural enemies of herbivores. Today, 

several species of ants, insects, viruses, bacteria, fungi and roundworms have 

been uncovered abroad in the use of biological control. However, only few of 

them have the permission to be imported to Iceland (Garðar Árnason, 1993). 

Biological control in Iceland has been effective in greenhouse 

production. To obtain a successful process in applying biological control, a new 

cultivation of plants, without pests, are located in a greenhouse. If an infection 

occurs, every weed must be destroyed and the deletion of every vestige of 

infected plants must be taken seriously (Gurr & You, 2015). The requirements 

of environmental factors can also make the plants more sensitive for infections 

of other plant disease. The application of biological control on ants to prevent 

the common insect thrips requires that the air humidity in the greenhouse 
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production to be higher than normal, which can make suitable conditions for the 

growth of grey mould (Garðar Árnason, 1993).  

1.2.4   Foodborne  outbreaks  in  Iceland  
Analyses of the specific failures in food processing have led to few common 

factors contributing to outbreaks of food poisoning, such as preparation too far 

in advance, inadequate cooling, undercooking and storage at room temperature 

(Adams et al., 2016). Although foodborne pathogens are uncommon in Iceland 

there is always a chance an outbreak will occur without a warning. The year 

2017 included outbreaks of the pathogens Listeria monocytogenes, Salmonella 

typhimurioum, Aeromonas hydrophilia and Norovirus. Six persons were 

diagnosed with Listeria monocytogenes which is an increase where no one or 

one person on average has been diagnosed in Iceland since 1997. Infections 

caused by Salmonella typhimurioum increased in 2017 where 8 persons were 

diagnosed with infection 10. - 24. August. An unusually large outbreak occured 

in August 2017 where 130 workers at two different schools in Reykjavík got 

sick because of infection that had its origin from Aeromonas hydrophilia in an 

imported salad from Italy. Additionally, an outbreak caused by Norovirus 

created a gastointestinal discomfort in approximately 100 persons the 10. 

August (Embætti landlæknis, 2017b). As shown in Figure 2, two small outbreak 

occured in 2007 and 2009 because of E. coli O157:H7 infections. 

 
Figure  2.  E.  coli  O157:H7  reported  infections  in  Iceland  1997-2016  (Embætti  

landlæknis,  2017a).  
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The origin of the infection, caused by E. coli O157:H7, is unknown in 

2009. However, the outbreak in 2007 is considered to have origin in imported 

salad from the Netherlands. In the year 2014, three person were diagnosed with 

infections caused by E. coli O157 and two of them contracted Hemolytic uremic 

syndrome, which has been an uncommon disease in Iceland (Embætti 

landlæknis, 2017a).  

 
1.3   Pathogen  identification  in  food    

Rapidity and precision of detection are among the most important criteria for 

prevention and control of human foodborne infection. Traditional culture-based 

methods for enumeration and detection of pathogens require at least 12-18 hours 

for the awareness of results, and up to more than seven days for confirming the 

specific pathogenic microorganisms. By that time, the food products would have 

been distributed to consumers. Recently, various kinds af detetion methods, 

different from culture and colony counting methods, have been developed for 

foodborne pathogens, including immunological methods, nucleic-acid-based 

methods and biosensor-based methods (Zhao et al., 2014).  

Culture-based methods are technically simple, sensitive and reliable but 

labour intensive, require prolonged incubation, time-consuming and selective 

enrichment to reduce interuption by the background flora. Many food 

microbiologists also consider that the transitional enumeration methods are not 

only too slow but lead to an overdependence on the significance of numbers of 

colony-forming units, or CFU. Molecular-based methods, such as the biosensor 

methods, promise bright future in the detection of foodborne pathogens in short 

time. With high selectivity and possibility to be used as a stand-alone devices 

for on-site monitoring in the future. Immunological methods are used for the 

detection of specific organisms and toxins with high specificity using polyclonal 

or monoclonal antibodies (Adams et al., 2016).  

Fecal indicator bacteria, such as E. coli, are commonly measured by 

culture-based methods, such as multiple-tube fermentation, which relies on 

quantification via most propable number (MPN), and membrane filtrations 

(Noble et al., 2010). However, Matís in Iceland has developed a detection 

method with the use of nucleic-acid-based method, PCR and Real-Time PCR 

(Kristrún Sigurjónsdóttir, 2015). 
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1.3.1   PCR-based  methods  
The primary advantage of the nucleic-acid-based methods is the specificity and 

that there is no need for cell cultures. The most common procedure within the 

nucleic-acid-based methods is the Polymerase chain reaction, or PCR (Glick et 

al., 2010). PCR, along with multiplex-PCR, is used routinely for specific 

screening of foodborne pathogens and include many benefits of rapid detection 

of amplified genes. However, the post detection procedure, a gel 

electrophoresis, requires additional equipment and can be a time-consuming 

process (Nielsen & Andersen, 2003).  

In order to overcome PCR limitations and the post detection methods, a 

Real-Time PCR was derived and the method has become very popular in recent 

years for the detection of human pathogens (Gullino & Bonants, 2014). 

Additionally, the option qualitative and quantitative measurement is another 

advantage of Real-Time PCR, where the quantifying expression profiles of 

selected genes can be obtained (Deepak et al., 2007).  

Two main techniques for Real-Time PCR method are the SYBR Green 

and TaqMan Probe assay, as shown in Figure 3. The TaqMan probe method is 

based on 5’ exonuclease activity of Thermus aquaticus DNA polymerase which 

is used to hydrolyze an internal probe labeled with a quencher dye and a 

fluorescent reporter dye. In the amplification, hydrolyzation of the probe 

separates the reporter dye from the quencher dye, allowing the reporter’s 

fluorescent signal be liberated (Tajadini et al., 2014). Increasing fluorescence is 

proportional to the amount of template DNA present in the reaction. The SYBR 

Green technique is based on binding of fluorescent dye to dsDNA and 

amplification products are distinguishable by analysis of their melting 

temperature (Hug et al., 2012). TaqMan probes have better specificity where 

only one sequence-specific amplifications measured. The SYBR Green 

chemistry is easier to perform and inexpensive and does not need the stage of 

probe design. However, the main fault of the SYBR Green chemistry is that any 

non-specific products like primer-dimer can yield false-positive results. 

Although, with optimized SYBR Green technique, its quality and performance 

could be comparable to TaqMan probe technique (Tajadini et al., 2014).  
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Figure  3.  Comparison  between  two  common  techniques  for  Real-Time  PCR:  TaqMan  
Probe  Assay  and  SYBR  Green  Assay  along  with  the  phases  of  the  process  (Bio-

synthesis,  2009).   

Many Real-Time PCR methods have been used in foodborne pathogens 

detection, such as bacteria and fungi along with the monitoring of waterborne 

parasites that causes a range of human diseases (Gullino & Bonants, 2014; 

Salihah et al., 2016). The rbfE gene of E. coli O157:H7 have been targeted with 

5’-nuclease Real-Time PCR assay in contaminated raw beef (Rodriguez-

Lazaro, 2013). A multiplex Real-Time PCR has detected 1-10 cells/mL of E. 

coli O157:H7 and 4-7 CFU of L. monocytogenes/25 g produce. Multiplex Real-

Time PCR assay have been developed which target the O-antigen gene clusters 

for each non-O157 STEC serogroup, rfbE for O157, uidA for generic E. coli,  

and several virulence genes such as stx2, ehxA and eae (Gullino & Bonants, 

2014).  
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1.4   Aim  of  present  study  
The focus of this study will be on human pathogens, especially bacteria, causing 

contamination in vegetables which are consumed raw, and therefore poses many 

health and safety concerns. 

The aim of this study was twofold: the detection of bacteria strains that 

belong to genus Escherichia and/or Shigella in fresh cucumber and get opinions 

from vegetable farmers in Iceland, about the status of detection methods for 

foodborne pathogens where interviews was used as qualitative method. The 

bacteria detection was achieved by using PCR and Real-Time PCR, since 

current methods used for foodborne pathogens in vegetables are mainly culture-

based methods. Three virulence genes present in E. coli serotype O157:H7, 

rfbE, stx2 and eae, will be examined. 

The following research questions were proposed: 

•   Can Escherichia/Shigella strains be detected with Real-Time PCR 

in fresh cucumber?  

•   What do Icelandic vegetable farmers think about the detection 

methods used today? 

•   Which pathogens are of most concern to Icelandic vegetable 

farmers? 
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2   Material  and  Methods  
2.1   Interviews  

The main data collection for the qualitative method was semi-structured 

interviews, conducted in Icelandic. As the name indicates, the interview has a 

certain structure in the form of basic themes to cover. However, the structure is 

flexible so the interviewer can respond and ask additional questions and the 

researcher can get a sense for the participant's ideas and opinions. Questions 

asked in semi-structured interviews are open and have the possibility to lead to 

an informal conversation between the participants and the researcher (Whiting, 

2008). In this chapter the preparation and execution of the research will be 

explained along with few facts abot the participants of the research. Thereafter, 

data registration will be explained and the data analysis process described.  

2.1.1   Participants  
The participants of this research included 4 farmers, who grow vegetables for 

sale in grocery stores, and are among the farmers in Sölufélag garðyrkjumanna. 

All participant will been given other unreal names in this discussion, or P1, P2, 

P3, and P4. The farmers were selected by the researcher and chosen from 

various parts of Iceland were the location was a meaningful factor when it comes 

to comparison in the data analysis.  

P1 and P2 are farmers that were selected from Flúðir in the southern 

region of Iceland, P3 was selected because of its location in west Iceland, 

Borgarfjörður, and P4 was selected in the northeast region of Iceland. All the 

farmers have a greenhouse production as their main production in common. P2 

and P4 grow tomatoes, cucumbers and peppers as their main harvest, P3 grows 

only cucumbers, in two different sizes, and P1 grows mainly tomatoes. P1 and 

P2 have an outdoor production as well but the main focus is on the types of 

vegetable grown in greenhouses. Two of the farmers, P2 and P4, grow 

approximately 500 tons of vegetable with cucumbers in majority. P3 grows 300 

tons of cucumbers and P1 grows about 130 tons of tomatoes along with 30 tons 

of vegetable in the outdoor production. 
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2.1.2   Procedure  
At first, an introduction letter was sent via email to all farmers. The letter 

included an invite for the interview, practical details and further information of 

the research, among the list of questions that will be leaned on during the 

interview (shown in Appendix I). The contact information was in the 

introduction letter if the farmers had any further questions about the research. 

Few days after the letter was sent, the researcher called the farmers directly by 

phone where the project was described and the time for the interviews was 

decided.  

Three interviews were conducted in the period 22. – 25. January 2018. 

One farmer answered the list of the questions via email. The interview was 

based on open questions that gave the farmers opportunity to talk freely from 

their own point of view. Each interview lasted from twenty minutes up to forty-

five minutes. The three interviews were conducted through telephone, because 

of the geographical distance and short time-period of this project, and recorded 

with an app called Call Recorder on iPhone 7S. Each respondent was only 

interviewed once and lastly, each interview was typed into a computer, read and 

interesting parts of the account marked. 

Data analysis started with thorough reading over the interviews and 

interesting sentences marked, called coding, and was done by the researcher. 

The data analysis of the interviews led to three major themes: Cultivation, 

contaminations and detection methods. Lastly, the results of this part of the 

study were sent to the farmers via email to inform them what parts of their 

interview will be published. 
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2.2   Quantitative  method    
A brief list of procedure tasks of the research are shown in a flow diagram 

(Figure 4).  

 
Figure  4.  A  flow  chart  showing  the  tasks  of  the  procedure.  Starting  with  the  cultivation  
of  all  strains  to  the  final  step,  including  the  strains  OX0604  and  E.  coli  DSM1103,  

PCR  and  Real-Time  PCR  assays.    

  

2.2.1   Strains  and  Materials    
Bacterial strains used in this experiment belong to the Microbial Culture 

Collection at the University of Akureyri. Total of six strains were chosen from 

the collection, Escherichia coli (DSM6687 and DSM1103) along with four 

strains isolated from environmental samples, collected the 13.08.2015 at 

Öxarfjörður, Iceland (OX0604, OX0606, OX0607 and OX1012), and belong to 

either the Escherichia or the Shigella genus. The focus on E. coli instead of 

other bacteria was further enhanced by the ease of having well studied organism. 

The model for fresh vegetables was cucumber (Cucumis sativus) cultivated in 

Iceland and purchased in a grocery store in Akureyri. Cucumber was kept at 4°C 

for 24 hours before incubation. Cucumber has never been tested in the 
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University of Akureyri by a similar method for pathogens. Cucumbers have also 

a alkaline pH, which is favorable for the growth of E. coli strains. 

  Tryptic Soy Agar (TSA) were obtained from DifcoTM and Tryptic Soy 

Broth (TSB) from BactoTM. Media, along with Bufferfield‘s Buffer were 

sterilized by autoclave (121°C, 15 min). Three types of primers were selected 

from three genes associated with virulence factors of E. coli O157:H7, stx2, rfbE 

and eae. The stx2 gene is the most common approach to verify the Shiga toxin 

production, the rfbE gene is a serotype O157 specific gene and last, the eae gene 

encodes for intimin, the outer membrane adhesion between EHEC or EPEC 

strains and intestinal epithelial cells. The primers were designed based on other 

recent researches (Nejman-Falenczyk et al., 2015; Verstraete et al., 2014; 

Perelle, Dilasser, Grout & Fach, 2004) and were obtained from Macrogen and 

detailed information shown in Table 1. A probe was obtained from Macrogen 

for the eae gene: TACCAGGCTATTTTGCCIGCTTATGTGC FAM–BHQ-1 

(Verstraete et al., 2014). 
Table  1.  Primers  used  in  this  study  for  PCR  assays.  

Target 

gene Primers (5‘ – 3‘)* 

Melting 

T (°C) 

PCR 

product 

(bp) 

Gen-

Bank** 

stx2 
F: TTCCAAGTATAATGAGGATGACAC 60,1 

211 -    
R: CCCACATACCACGAATCAGGT 61,3 

eae 
F: GGAAGCCAAAGCGCACAA 56,1 

86 AF025311 
R: GGCICGAGCIGTCACTTTATAA 60,3 

rfbE 
F: TTTCACACTTATTGGATGGTCTCAA 60,9 

88 AF163329 
R: CGATGAGTTTATCTGCAAGGTGAT 61,8 

         *F = Forward, R = Reverse  
         **Accession number 

2.2.2   PCR  
PCR amplification was performed along with a gel electrophoresis, to test if 

primers yielded any amplification in the six strains in the study. PCR was also 

an technical control, in case the Real-Time PCR assays would not yield any 

result. The DSM bacterial strains were cultured on Tryptic Soy Agar (TSA) agar 

at 15°C before the PCR procedure. Four strains, belonging to Escherichia and/or 

Shigella, were obtained directly from a freezer stock. A colony-PCR was 

performed where a loopful of cell mass or freezer stock is used as a PCR-
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template. Three primers for three different genes in pathogenic E. coli strains 

were tested where the genes eae, rfbE, and stx2 were the model genes because 

of their existence in E. coli O157:H7. The primers for the 16S rDNA gene, 27F 

and 1492R, with PCR products about 1500 bp long, were also tested for positive 

controls because of its presence within all bacteria.  

  At first, 25 𝜇L of Colony Lysis Buffer (1% Triton X-100, 20 mM Tris, 

2mM EDTA, pH 8,0) was pipeted into a PCR tube along with either 1 𝜇L of a 

freezer stock or a small amount of cell mass from the TSA plates. The PCR 

tubes were put in a heating block and incubated for 10 minutes for 95°C to 

rupture the bacterial cell. The tubes were then cooled and stored on ice. A Master 

mix for the PCR reaction was prepared according to Table 2. 
Table  2.  The  ratio  of  chemicals  in  the  Master  mix  for  PCR  assays  

Chemical µL in each sample 

10x Buffer 2,5  

dNTP 2,0 

F primer** 0,5 

R primer** 0,5 

Milli-Q H2O  18,4 

Taq* 0,13 

Total  24,03 

*New England BioLabs (M0267L), [5U/µL] **[10 µM] 
 

The PCR assays were carried out in 25 µL volumes containing 24 µL of Master 

mix and 1 µL of DNA in Colony Lysis Buffer. The tubes were incubated in a 

PCR machine and thermal cycling consisted of denaturation, annealing and 

synthesis in PCR program shown in Table 3. 
Table  3.  Program  for  the  PCR  assays  

Stage 

Temperature 

(°C) Time Cycles 

First denaturation 95  5 min. 1 

Denaturation 95 30 sec. 

37 Annealing 54 30 sec. 

Synthesis 68 90 sec. 

Final synthesis 68 7 min. 1 

Cooling 4 ∞ 1 
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A gel electrophoresis was performed with 1,8% (w/v) TBE agarose gel as a post-

PCR analysis, to make sure that the PCR magnification was successful. The gel, 

along with 2 µL of SYBR Safe, was poured onto a tray, well-forming combs 

added, and set for 30 minutes. 0,75 µL of loading dye, obtained from New 

England BioLabs, was mixed with 5 µL of each sample and pipetted into each 

well of the 1,8% gel. 1 µL of 50 bp DNA ladder obtained from New England 

BioLabs was pipetted in wells. The gel electrophoresis was run in Mini-Sub Cell 

GT System from Bio Rad with EPS 301 Power supply from Amersham 

Biosciences, for 40 minutes at 90 V. At last, the gel was analyzed under an UV 

light with InGenius, Syngene, LHR gel documentation system. Pictures were 

taken with GeneSnap software for further examination. 

2.2.3   Enumeration  
Two strains, E. coli DSM1103 and OX0604, were selected from the PCR 

procedure result to analyze further, depending on how many bands were present 

after the gel electrophoresis (shown in Figure 5). The strains were cultivated in 

Tryptic Soy Broth (TSB) for 16 hours at 37°C. Enumeration was done be plating 

serial dilutions on PCA along with OD600 measurement . First, dilutions were 

prepared by taking 100 µL of the original broth and aseptically added to a tube 

containing 900 µL of Butterfield’s Buffer. The tube was placed on a vortex for 

few seconds. Each culture was serially diluted to 10-6, in duplicate. At last, 100 

µL of each dilution was transferred on a PCA plate, in duplicate, and spread 

with glass spreader. The plates were incubated at 37°C for 48 hours and colonies 

counted.  

Both cultures, E. coli DSM1103 and OX0604, were serially diluted in 

Butterfield‘s Buffer to 10-4 with mixing 1 mL of culture with 9 mL of 

Butterfield‘s Buffer. Before the optical density was measured for each dilution 

(100 to 10-4) at a wavelength of 600 nm (OD600, 1 cm pathlength ), a raw media 

was measured as a blank. 1 mL of liquid from each culture was removed from 

each culture for the optical density measure, using a 1 cm pathlength.  

2.2.4     DNA  extraction     
The cultures serially diluted to 10-4 in sterile Butterfield‘s Buffer from the 

enumeration, was used in the cucumber incubation, to obtain a limitation results 

of quantification in PCR assays. Cucumbers were mixed in a blender, until it 
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was totally mashed, and 10 gr. was weighted into a sterile Stomacher bag. 1 µL 

of each dilution (10-1 through 10-4) was mixed with the 10 grams of cucumber 

in the Stomacher lab blender. The additional diluting of the bacteria in the 

cucumber matrix yielded final dilutions of 10-5, 10-6, 10-7 and 10-8. 

Approximately 1 hour later, DNA was extracted with PowerSoil DNA 

Extraction kit (MoBio, Carlsbad, USA) where 0,25 grams of each sample from 

the cucumber matrix was subjected to the DNA extraction. DNA from pure 

cultures of E. coli DSM1103 and OX0604 were extracted with UltraClean DNA 

Extraction kit (MoBio, Carlsbad, USA). Both DNA extraction kits was 

performed according to manufacture‘s instructions. 

2.2.5   DNA  quantification  
 To examine if the DNA extraction yielded significant DNA amount, the samples 

were measured with QubitTM fluorometer (Invitrogen, Carlsbad, USA). The 

DNA amount measurement was performed according to manufacture‘s 

protocol. First, a pre-solution including 199 µL of Quant-iTTM dsDNA BR 

Buffer and 1 µL of Quant-iTTM for each sample was prepared, along with one 

extra sample for pipetting error. Two standards were made according to protocol 

and measured in the QubitTM fluorometer. 199 µL of the pre-solution was mixed 

with 1 µL of DNA sample and mixed briefly in a vortex. The samples were then 

incubated at room temperature for 2 minutes and measure in QubitTM 

fluorometer. The fluorometer calculated the amount of DNA considering 1 µL 

of DNA sample.  

2.2.6   Real-Time  PCR  
Real-Time PCR was performed with StepOneTM Real-Time PCR system 

(Applied Biosystems, Foster City, USA). The aim was to examine further the 

interesting unknown gene for eae primers in the convential PCR. Real-Time 

PCR was carried out in a 0,1 mL, 48-wells, MicroAmpTM fast optical 48-well 

reaction plate (ThermoFisher), which included 18 µL of Master mix along with 

2 µL of extracted DNA. The Master mix for SYBR Green assay are shown in 

Table 4. 
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Table  4.  The  ratio  of  chemicals  in  the  Master  mix  for  SYBR  Green  Real-Time  PCR  

Chemical µL in each sample 

Luna Universal 

qPCR Master Mix* 

10,0 

F primer** 0,5 

R primer** 0,5 

Milli-Q H2O  6,4 

Total  18,0 

   *New England Biolabs. **[10 µM] 

SYBR Green assay was performed with the Real-Time PCR program, using the 

same primers for eae gene because of the interesting band that appeared in the 

gel electrophoresis (Figure 5). To determine if the reaction was succesful, a 

amplification plot was obtained and a melting curve analysis of the PCR 

products was performed by completing one additional amplification cycle and 

increasing the temperature from 54°C to 95°C.  
Table  5.  Program  for  the  Real-Time  PCR  assays  

Stage Temperature (°C) Time Cycles 

Initial denaturation 95  5 min. 1 

Denaturation 95 15 sec. 
40 

Annealing 54 1 min. 

 

Real-Time PCR data was collected and analyzed with StepOneTM Real-

Time PCR system (Applied Biosystems, Foster City, USA).The Real-Time 

PCR assay was performed six times, four SYBR Green assays and two TaqMan 

probe assay. Because amplification was obtained in the negative controls in the 

SYBR Green assays, the procedure aimed to rule out contamination. The 

primers were diluted in duplicate and another Milli-Q water and Luna Universal 

qPCR Master Mix was used to avoid that contamination was the reason for these 

unsignificant results. The false-positive amplification was examined with gel 

electrophoresis (2,0% w/v TBE agarose gel) and run for 40 min at 90V to get a 

closer look at the products formed in all samples of Real-Time PCR assay. 

Another Real-Time PCR assay included the rDNA 16S primers, to rule out 

contamination and primer-dimers in the eae primers.  



Viðskipta- og raunvísindasvið    Auðlindadeild 
 

   24 

To examine if the amplification of the negative control was associated 

with the reagent of SYBR Green, the last Real-Time PCR assays included 

TaqMan probe chemistry. The chemicals in the Master mix for the TaqMan 

probe included the same chemicals with addition of the eae probe and the use 

of Luna Universal Probe qPCR Master Mix instead of Luna Universal qPCR 

Master Mix (Table A3, Appendix II). Because of no significant amplification 

results from the Real-Time PCR assays, it was decided that data showing 

amplification plot and melt curve were enough data analysing.  

2.2.7     Procedure  changes  
Unfortunately, the findings that the strain E. coli serotype O157:H7 was not an 

option in this research because of its high Biohazard level (BSL 2), which came 

across after the primers and probes were ordered. It was decided to work with 

more harmless strains of the family Enterobacteriaceae from the Microbial 

Culture Collection from Háskólinn á Akureyri and test if any of the virulence 

genes were present in those strains.  

Because of nonspecificity in the result of conventional PCR, it was 

decided to use both SYBR Green and TaqMan probe assay for a comparison. 
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3   Results  
3.1   Interviews  

The data analysis led to three major themes. Cultivation conditions, 

contaminations and detection methods were the main topic in the interviews. 

The general aim of this study is to examine the farmers opinions of the detection 

methods used today and which pathogens are the most concern in vegetable 

production.  

3.1.1   Cultivation  
Near half of the questions from the list followed in the interviews, related to the 

cultivation conditions in the vegetable production. The main topic of this 

research was greenhouse vegetable production. 

Cultivation conditions 

 All of the farmers were in agreement with the irrigation of the vegetables. All 

the vegetable are irrigated in every 30 minutes, for appoximately 2 minutes, 

during the day with synthetic, imported fertiliser in the irrigation water. P3 

mentioned other additive to make sure that plants were getting enough nitrogen 

for their growth. P2, the farmer from Flúðir, described his special fertiliser and 

the irrigation water in the cultivation: 

 

„Já við notum bara leysanlegan áburð sem er sérstaklega hannaður fyrir 

vatnið okkar hérna. Við erum með sýrustig 8,7 á Flúðum sem er mjög 

hátt. En þetta er besta vatn sem ég fæ. Ég vökva með neysluvatninu hérna 

á Flúðum. Við megum gera það allir hérna, notum bara ferskvatnið og 

það er mælt mánaðarlega af Heilbrigðisstofnun Suðurlands. Þannig að 

það er fylgst með því.“ 

  

Disagreement was between the farmers when asked about the vegetational 

soil used in growing the vegetable plants. Most of the farmers uses pumice from 

Hekla, or Hekluvikur, or mineral wool but one uses turfmould. The two farmers 

who mainly grow cucumbers set out new cucumber plants four times a year but 

use the same pumice for 2-4 years, depending on the quantity of the pumice 

buckets. From questions about vegetational mould, P2 reported that three 

months ago, they changed from Heklavikur to mineral wool to avoid infections 
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of fungi, Gummy Stem Blight, that attacks the cucumber plants. Since then, no 

infections has occured. However, P1 mentonied that fungal infections have 

decreased since the farmers stopped using regular soil in vegetable production.  

All the farmers were in agreement that Iceland has a great advantages of 

natural resources that farmers in vegetable production can exploit. The 

unexpensive electricity and the geothermal heat are unlike other countries. P2 

described the nature advantages and his control of cultivation conditions:  
  

„Er með tölvu og tölvukerfi upp á 8-9 milljónir sem fylgist með 

þessu. Vökvunarkerfi og tölva sem stýrir hitanum, rakastigi, gluggum, 

kolsýru. Við notum alltaf kolsýru, hreina kolsýru frá Hæðarenda, ekki 

brennd kolsýra eins og alls staðar annars staðar í heiminum, alls staðar í 

Evrópu og annars staðar þurfa þeir að brenna gasi eða steinolíu til að 

búa til kolsýru. Við notum bara úr borholum. Ég segist þess vegna vera 

meiri lífrænn bóndi en margur danski bóndinn. Allt sem við notum hér er 

hreint. Rafmagnið kemur úr fallvötnum, vatnið hreinna en annars 

staðar og kolsýran kemur úr borholum. Þetta allt sem ég nefndi er gert 

með öðrum hætti úti."  

 

Facilities for packing and a packing line seems to be necessary in vegetable 

production, to avoid contamination on the way to the grocery store. All the 

farmers prepack the vegetables all working days before going to the stockroom 

in Sölufélag garðyrkjumanna in Reykjavík. No farmer in this study have found 

a reason to wash the vegetables with water before prepacking it. The reason was 

the same for every farmer, that they did not spray or put any toxic pesticides on 

the vegetables so it does not need washing. P3 described the process in the 

prepacking: 

 

„Við uppskerum á hverjum einasta degi og bara til dæmis í dag vorum við 

að uppskera til hálf 11 og þá er þetta keyrt inn úr gróðurhúsunum inn í 

pökkunarhús þar eru gúrkurnar filmaðar í pökkunarvél og svo eru þær 

settar í fjölnotakassa eða 9 kg pappakassa og svo fer þetta beint inn á kæli 

í 9-12°C. Svo kemur flutningabíll og hann fer með þetta niður í Sölufélag 

garðyrkjumanna og þar fer það inn á lager og dreifist þaðan.“ 
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The result from this theme was that the only difference between the participants  

cultivation conditions is the vegetational mould. Other cultivation conditions, 

the irrigation, the advantages of Iceland‘s natural resources and the packaging 

were similar between all farmers. 

3.1.2   Contaminations  
After describing the cultivation conditions in the interview, the aim was to 

obtain information about which pathogens are the most concern in vegetable 

production in Iceland and which microorganism the farmers are constantly 

fighting against. This section was divided into three parts; fungal-, insects-borne 

and viral contaminations. No bacterial infections were mentioned in the 

interviews. The researcher noticed a similar pattern and opinions when first 

asked about infections. All farmers mentioned that they know the signs of every 

common infection and there has been very few cases that they have to go 

through a process to obtain more precise identification. 

Farmers in the research were ambivalent whether infections in vegetable 

plants are enlarging. Three farmers out of four either mentoined that the diseases 

have become either unusually harmful last years or that new diseases have 

arrived. Some participants thought imported vegetables were the main reason 

for the increased infections. However, P3 mentioned a reason worth noting 

about efficiency of the vegetable plant. The more efficient they are, the more 

sensitive they are for infections: 

 

„Þetta vandamál sem ég hef talað um við þig hefur aukist, held að það sé 

meira út af því að afbrigðin sem við notum í dag eru afkastameiri en eru 

viðkvæmari. En það er nú þannig að þegar maður er komin með einhverja 

mótstöðu gegn einhverju þá verður plantan 10-15% afkastaminni. Hvað á 

maður velja, á maður að nota afkastamiklar plöntur þá eru þær jafnvel 

viðkvæmari.“ 

 

Fungal infections 

Overall, the farmers were in aggreement that plant infections caused by 

fungi in tomatoes and cucumbers has increased the last years. Two common 

diseases were mentioned by the farmers in the greenhouse vegetables; first, the 

Botrytis cinerea, or gray mould, which is a common fungi infection in tomato 
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plants and second, the Gummy Stem Blight, a cucurbit-rot disease caused by 

the fungi Didymella bryoniae. Other diseases in vegetable plants mentioned in 

the interviews are tumors in kale, or klumprot. Klumprot is described as a tumor 

which prevents the water absorption by the plant and often emerge in dry 

weathers.  

  The Gummy Stem Blight is a disease caused by fungi and according to 

the participants, this is the only infection which torments cucumber plants. The 

disease makes the leaf color brown while the fungi attacks the stem of the plant 

and makes the vessels and cells fall apart. The gray mould also attacks the stem 

but is most commonly tormenting tomato plants but can infect cucumber plants 

too. In the interviews, it was mentioned that both diseases, the gray mould and 

Gummy Stem Blight, were unusually severe last year, that severe that one 

participant is carrying out a new pesticide to avoid it, without affecting the 

freshness of the vegetables. The two farmers that have cucumbers as their main 

harvest, use preventative chemicals on young plants with sensitive root system 

to avoid the Gummy Stem Blight. All participants were in agreement that the 

environment condition is the main factor to avoid the common fungi infections. 

P4 described: 

 

„Það sem er aðallega gert er að stýra loftslaginu öðruvísi þannig að 

aðstæðurnar séu ekki eins góðar fyrir sveppinn. Stundum dugar það en 

stundum ekki, en við höfum í rauninni ekkert til að ráða niðurlögum hans. 

Þetta er eitthvað sem er alltaf í loftinu. Ef þú býrð til réttu aðstæðurnar 

þá lendiru í tjóni. Svo getur þetta farið eftir því hvernig veðurfar er, hvort 

það er erfitt að halda þessu innan marka.“ 

 

However, fungi in vegetable production is not always an infection, P4 

mentioned that they use types of fungi to strengthen the root system of various 

vegetable plants and to avoid other infectious fungi.  

Insects 

Another common pest with vegetable farmers, especially in cucumber 

production, is an insect called thrips. Two of the participants apply biological 

control to avoid thrips, a gamasides or ants that kills the thrips. They add the 

ants to the plants when they are young and therefore avoid the thrips population 
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growth. The farmers also mentioned that they would need more of the ants in 

the spring, when the sunshine is more frequent. 

Viral infections 

The viral infections are clearly emerging problem in vegetable production. 

Recently, new viruses have been detected in vegetable plants, viruses that have 

not been detected in Iceland before. In december 2017, one of the participants 

had an infection caused by the Cucumber mosaic virus (CMV) and therefore, 

had recently changed all cucumber plants and pumice. This virus has not been 

detected in Iceland before and the farmer decribed the disease and a new variety 

of cucumber plants with projection against CMV: 

 

„Vírusinn sést á laufblöðunum eins og mósaík. 80% af sýkingum koma 

með starfsfólki. Þetta er hlutur sem maður verður að vera með, því miður. 

Núna er ég að kaupa nýja tegund af fræjum sem er með vörn 

við vírusnum. Þessi afbrigði eru nýkomin. Það eru öll lönd að berjast við 

þetta og loksins kom þetta afbrigði á markað.“  
 
The infection caused by CMV led to a vast reaction with every horticultural 

farmer in Iceland and other participants in this research reacted as well and 

described a handy strip tests that detects the virus on the premises. Samples were 

also sent abroad in analysis to make sure the plants were not infected by CMV. 

P4 described his experience of the detection of CMV in the following way: 

 

„Það hefur svosem ekkert komið upp þannig að þetta sé óþekkt. Ekki fyrr

 en núna með þessa vírusa sem hafa verið að plaga menn núna. Þá gerði 

ég stikkprufu sjálfur með svona skyndiprófum og var sent til Holllands    

til frekari rannsókna.” 

Later on he added: 

„Vírusarnir koma á óvart, kom allt á sama árinu líka, en menn vissu af  

þessu. En þetta var svosem alveg spurningum hvenær þetta myndi koma. 

En menn héldu að þetta yrði ekki svona mikil dreifing strax.” 

 

Another virus has also been detected in the south region of Iceland, Pepino 

mosaic virus, and infects tomato plants. This virus is higly contagious and an 
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infection can be expensive for farmers, were it is necessary to thow out every 

plant to exlude all contagion. In the interview, a participant mentioned that at 

least ten greenhouse productions had infected tomato plants in the end of 2017.  

  The results highlight of the theme infections, were the two common 

fungi infections, the insect thrips and the two new viral infections that made all 

farmers respond and test their plants. It is not known that these plants pathogens 

can transmit to people but no farmer mentioned a human pathogen in the 

interviews. 

3.1.3   Detection  method  
Participants were less on top of things when the questions aimed at the detection 

methods, than the researcher expected. When asked about the detection 

methods, all participants mentoined Bandalag garðyrkjubænda and the RML, or 

Ráðgjafamiðstöð landbúnaðarins. RML provides consultation if farmers 

contacts them and wants an opinion on signs of infections. The consultant is 

responsible for the sampling and sending the sample abroad along with 

contacting the farmer when results of the analysis have been confirmed. All 

participants were in agreement with sending the sample abroad for analysis, to 

Sweden, Finland or to the Netherlands, and did not know any cases where an 

Icelandic company had taken responsibility in the analysis. The participant that 

sustained the viral infection in December 2017 described the process in the 

detection: 

 

„RML tók það að sér þegar vírusinn greindist og tók það fyrir á 

landsvísu. Svo eru komnir svona strimlar sem greina þetta á 

hálftíma. Algjör snilld. Það greinir mósaíkvírusinn og alveg frábært kerfi. 

Svo sendum við út til öryggis til nánari skoðunar. Það var sent það til 

Holllands.“   

 

As mentioned before, all participant relied on their experience in the detection 

of symptoms of the common diseases. When the researcher talked about the 

process of detection, P3 gave a contracted description. 
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„Ef það er sýnilegt vandamál þá er það sent en til að fá staðfestingu, það 

er erlendur ráðunautur sem kemur og gefur staðfestingu og segir að þetta 

sé þetta og svo er það sent líka til öryggis, til Svíþjóðar eða Finnlands. Ég 

hef kannski bara verið það heppinn að ég hef ekki verið að fá eitthvað nýtt 

hérna.” 

 

The researcher was expecting more information from the farmers about the 

current detection methods. However, the conclusion is that their only role, in the 

detection method of new signs of diseases, is to let the RML know if they 

suspect an infection.  

3.1.4   Summation  
The findings of this part of the research reveal that plant infections in vegetable 

production are increasing and new pathogens have been detected in the last few 

months. Two common fungi infections in tomato- and cucumber plants are 

difficult to handle and farmers are looking at new chemicals and methods to 

avoid them. The responsibility of detection methods and sampling relies on 

RML, but the farmers do have easy and quick tests in place to detect the new 

highly contagious viral infections that are an emerging concern. No infection 

caused by bacteria was mentioned, and no human pathogen, which was an 

unexpected result. However, all farmers mentioned the recent, increased 

thinking about the importance of hygiene and the transmission of the 

contamination.  
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3.2   Quantitative  method  
3.2.1   PCR  

In the first part of the research, a conventional PCR was performed on the six 

strains provided from the Microbial Culture Collection, with the aim to examine 

if the primers yielded amplification products. The results is shown in Figure 5. 

Primers for the three virulence genes were used, stx2, eae and rfbE (Nejman-

Falenczyk et al., 2015; Verstraete et al., 2014; Perelle et al., 2004). 

All strains displayed a clear magnification of 16S rDNA genes, as 

expected. With the eae primers, noticeable bands appeared for strain DSM1103, 

at about 400-500 bp, although the expected product length was 86 bp. Other 

expected PCR products were 211 bp for stx2 gene and 88 bp for the rfbE gene. 

Other interesting bands appeared for the OX0604 strain, including a bright band 

for eae primers near 100 bp. It was thus decided to examine these two strains 

further with the eae primers in the research. 

 

 
Figure  5.  A  gel  electrophoresis  from  PCR  (1,8%  TBE  agarose  gel).  The  screening  
included  six  strains  and  four  genes.  16S  rDNA  gene  was  used  as  a  positive  control  
for  all  strains.  The  wells  marked  (X)  are  empty  and  (-)  included  dH2O.  DNA  ladders  
ran  along  as  size  indicators.  Red  boxes  around  PCR  products  show  interesting  and  

unexpected  results.    
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3.2.2   Enumeration  of  cells  
In order to work out the level of dilution required for cucumber mash 

contamination, serial dilutions of an E. coli culture in TSB were prepared, plated 

and colonies counted after approximately 48 hours at 35°C. Each dilution of 

DSM1103 was added to four PCA plates and OX0604 was incubated in 

duplicate on PCA plates. Results are shown in Table A2 (in Appendix II). 

Dilutions 100 – 10-4 showed uncountable results, too numerous to have a 

significant count. The only reliable count was on PCA plates that included 

dilution 10-6. Calculated number of bacteria per mL (CFU/mL) in the original 

broth turned out to be 3,0 x 108 CFU/mL with standard deviation ± 6,2 x 106 for 

E. coli DSM1103 and 1,5 x 108 with standard deviation ± 7,0 x 105 for OX0604.  

  OD600 was also measured on diluted samples for ease of future 

experiments. OD600 measurement is shown in Table A1, in Appendix II. The 

OD600 measurements and the calculated number of bacteria was plottet as a 

scatter and trendline obtained (Figure A1, Appendix II).  

3.2.3   DNA  quantification  
DNA measurement was performed after DNA extraction with PowerSoil DNA 

Extraction kit and UltraClean DNA Extraction kit (MoBio, Carlsbad, USA). 

Results are shown in Table 6. Difference was obtained between the DNA 

extracted from pure culture and from the cucumber matrix. 
Table  6.  DNA  quantification  with  Qubit  fluorometer.  Samples  marked  “-”  had  not  a  
detectable  amount  of  DNA.  All  DNA  samples  was  extracted  from  strains  in  cucumber  
matrix  expect  for  dilution  100.  

Dilution DNA amount (µg/mL) 

E. coli DSM1103 OX0604 

100* 33,5 44,1 

10-5 7,38 - 

10-6 3,25  - 

10-7 - 4,76 

10-8 - 6,60 

10-2 6,51 Not measured 
    *DNA extraction from pure culture 
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3.2.4   PCR  with  cucumber  samples  
To test whether the cucumber matrix would interfere with PCR reactions, 

another conventional PCR was performed with extracted DNA from both pure 

cultures of DSM1103 and OX0604 and from strains in serial dilution in the 

cucumber matrix. The results are shown in Figure 6.  

 
Figure  6.  A  gel  electrophoresis  from  PCR  (2,0%  TBE  agarose  gel).  Strains  marked  
10x  are  dilutions  extracted  from  cucumber  matrix.  DSM1103  and  OX0604  include  
extracted  DNAfrom  pure  cultures.  The  16S  rDNA  gene  for  DSM1103  and  OX0604  

was  used  as  a  positive  control.  DNA  ladders  ran  along  as  size  indicators.  

Depending on Figure 6, the DNA extraction of the strains dilutions in the 

cucumber matrix was not sufficient, where three out of eight dilutions are shown 

in the figure. To confirm that too much dilution was not the reason for no 

amplificated product in the PCR assay, an extra dilution, 10-2, was prepared and 

run in another gel electrophoresis, which also yielded no amplification. 

Therefore, it confirmed that the DNA extraction method used (PowerSoil DNA 

Extraction kit) was not sufficient for cucumber matrix (Data not shown). 

3.2.5   Real-Time  PCR  
All samples, positive controls along with eight dilutions, with extracted DNA 

were run in Real-Time PCR in duplicate along with a negative control, also in 

duplicate. All samples showed similar amplification curves, including the 

negative control in SYBR Green assays as shown in Figures 7a and 7b. 

However, no amplification was present in the negative controls in the TaqMan 

probe assays, indicating that the products observed in negative control reactions 

are non-eae-specific.  
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Figure  7.  Comparison  between  Real-Time  PCR  assays.  a)  eae  
primers  with  SYBR  Green  b)16S  rDNA  primers  with  SYBR  Green  

c)  eae  primers  with  TaqMan  eae  probe  

 

As shown in Figure 7, the amplification curves obtained from different primers 

and techniques are different, whether SYBR Green was used or TaqMan probe. 

For signifant and specific amplification, the amplification should start at about 

a) 

b) 

c) 
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the 15th – 20th cycle, as appears to be observable for the 16S rDNA genes in 

Figure 7b. In Figure 7b, the two red lines which start the amplifcation earlier 

present the DNA extracted from pure culture, in duplicate. The apparent 

amplification in the negative control is, however, a concern, and may indicate 

primer multimer formation. Unspecific amplification occured for the eae genes 

shown in Figure 7a, in accordance with the result from the conventional PCR, 

but the amplification starts comparatively late, at the 22nd – 24th cycle. In Figure 

7c,  the eae genes were run with the TaqMan probe technique and no 

amplification occured, either in positive or negative controls, further confirming 

the non-specificity of amplification from the eae primers. The green and yellow 

lines indicate dilutions samples from the cucumber matrix. 

 

 
Figure  8.  Melt  curve  of  analyzed  samples  for  eae  primers,  showing  negative  and  

positive  controls  along  with  dilution  samples.    

Amplification of the target sequence should result in the observation of a single 

melting peak, often at 85°C. The dissociation curves, shown in Figure 8, 

obtained inconstant melting temperature for the samples amplified. The melt 

curve for this Real-Time PCR assay shows two peaks, indicating the presence 

of two distinct products. Orange peaks for OX0604 and E. coli DSM1103 in 

duplicate at 85°C, that are different from the main curve at temperature 80°C. 

The negative control, in duplicate, showed very similar magnification as the 
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other samples that did not show magnification in conventional PCR. Therefore, 

it does not show a specific amplification and the results are not significant for 

this part of the research. The three Real-Time PCR assays with the SYBR Green 

technique yielded similar results. The melt curve for the 16S rDNA gene 

amplification is shown in Figure A2, in Appendix II.  
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4   Discussion  
Foodborne illnesses caused by E. coli are one of most common gastrointestinal 

diseases. The emphasizing by nutritionists and increased interest in the 

importance of raw vegetables in healthy diet, represent a public health risk 

(Mritunjay & Kumar, 2017). The aim of this study was in two parts, qualitative 

and quantitative part. The qualitative part included interviews with horticulture 

farmers with the aim to get an insight into the farmers opinions on detection 

methods of pathogens and which pathogens are of most concern in vegetable 

production. Human pathogens were the main focus in vegetables in order to 

connect the vegetable production and the origin of foodborne diseases. The 

quantitative part included both PCR and Real-Time PCR assays for the detection 

of the non-pathogenic E. coli DSM1103 strain and the OX0604, a strain that 

belongs to the genus Escherichia or Shigella in a cucumber matrix. The aim was 

to detect three genes associated with virulence factors specific to EHEC strains, 

and the serotype E. coli O157:H7, along with comparing the SYBR Green and 

TaqMan probe assay in the Real-Time PCR.  

The first part of the qualitative method, in obtaining information through 

interviews, was to choose horticulture farmers. The choice was based on the 

farmers location in Iceland to obtain comparison between regions. The data 

collection of the interviews was fairly successful. Participants were keen on 

sharing their thoughts and opinions about the vegetables production along with 

information about the pathogens that are the most concern in the production. 

Cultivation conditions and knowledge of pathogen identification were similar 

between farmers. 

The absence of bacterial infection and human pathogens was an 

unexpected result. The reason for the absence could be because bacterial 

contamination is not something that they can see and therefore, does not stop 

them from producing a sell-able crop as it does not lead to immediate loss of 

visual quality. According to Yaron & Römling (2014), most of contamination 

in food products occurs mainly after leaving the production, because of 

improper handling and therefore, can be reason for the bacterial absence in this 

study. New viral infections were an unexpected experience for the farmers. 

However, it seems to be localized in the south region of Iceland where farmers 
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in the west and northeast region had not been aware of infections. However, 

many factors of agricultural methods can contribute the difference of infections 

between farmers in vegetable production.  

The fact that no farmer seems to wash the vegetables before packaging 

garnered considerable attention and can be a possible connection with low rates 

of contamination in vegetable in Iceland. According to Berger et al. (2010), 

pathogens can transmit to vegetables through water and therefore, washing the 

vegetables may increase the risk for infections and more widespread outbreaks.  

A poor knowledge of the process of pathogen identification appeared 

among the farmers, probably because of their small role in the procedure. 

Ráðgjafamiðstöð landbúnaðarins seem to take full responsibility for the 

pathogen identification, for farmers that are a part of Sölufélag garðyrkjumanna. 

However, farmers have in place an instant test for the newly emerging viruses, 

infecting cucumber and tomato plants. Overall, the common fungi infections 

seem to be more damaging than last few years and farmers are now looking for 

new biological controls to avoid this distribution. My main hope was to get 

information about human pathogens but the results was that only plant 

pathogens, that do not harm humans, were mentioned in the interviews.  

In future work, a more diverse sample of people associated with 

vegetable production and pathogen identification would be interviewed, such as 

members of companies that focus on pathogen identification in food, such as 

Matvælastofnun or Matís, along with other horticulture farmers that are not a 

part of Sölufélag garðyrkjumanna to get more information about bacteria as 

human- and plant pathogen. With a larger sample of interviews, a better 

comparison of the infections between regions of Iceland would be obtained 

along localizing distribution of common pathogens. The gathering of 

information with interviews is an important part to obtain opinions and 

comments from the horticultural farmers which are in vegetable production on 

a daily basis. However, even though interviews have many advantages it is not 

flawless. The downside of interviews are the few participants and therefore a 

small sample (Rize & Ezzy, 1999). However, the result from the qualitative 

method of the research can be used as a platform for other more specific 

investigations. 
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  The second part of the study included the quantitative method. First, 

cucumber was picked as a model type for vegetables because of the large 

cucumber production in Iceland, around 97-98% of all sold cucumber in Iceland 

according to the participants in this study. Cucumber is usually consumed raw, 

therefore puts consumers at risk of infection by contaminated organisms. Their 

high pH also makes them a suitable environment for E. coli to thrive (Lu et al., 

2002). Even though pathogenic E. coli is more often in contamination of leafy 

greens, there is a lot of information on the growth potential of E. coli O157:H7 

on different plant substrates. The salads and leafy greens are mainly imported 

in Iceland and therefore have little or no connection to the Icelandic horticultural 

farmers in the interviews.  

  Escherichia coli was chosen to be a bacterial model in this research. At 

the start of the study, the plan was to work with E. coli serotype O157:H7 and 

primers chosen from the genome and virulence factors of that strain. 

Unfortunately, that strain could not be obtained in time for the project, so four 

strains isolated from environmental samples in Öxarfjörður, called OX strains, 

along with two non-pathogenic laboratory E. coli strains were chosen. It was 

unknown beforehand whether any of the strains from the Microbial Culture 

Collection included the pathogenic genes, specially the OX strains where it is 

unknown if the strains belong to the genus Eshcerichia or Shigella. Other 

researches have confirmed Real-Time PCR detection of stx1 gene in Shigella 

strains, such as Shigella dysenteriae, and eae gene in Escherichia albertii 

(Verstraete et al., 2014).  

  The procedure of the experiment (Figure 4) started with PCR assay to 

test if any amplification would be obtained with the four different primers (eae, 

rfbE, stx2 and 16S rDNA). Interesting PCR products were formed in the strains 

DSM1103 and OX0604, even though yielded PCR products were not in the 

expected length, and therefore decided to continue to examine these strains. The 

PCR product for the eae gene should be 86 bp but a clear amplification was 

obtained of product of 400-500 bp along with 1-3 other bands. From this result, 

it may be estimated that the LEE region, which encodes for type III secretion 

system, is not present in E. coli DSM1103 and OX0604. 

  The enumeration of cells was obtained by viable plate count method on 

PCA plates along with optical density (OD600)  measurement. The two methods 
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showed similar results. The number of cells in the original broth turned out to 

be 3,0 x 108 cells for E. coli DSM1103 and 1,5 x 108 cells for OX0604. The 

results from each dilution of the optical density measurement are shown in Table 

A1 (Appendix II). The measured optical density for the original broth was 1,23 

for E. coli DSM1103 and 1,78 for OX0604. According to Groves et al, (1996), 

OD600 measurement of 1,0 corresponds to approximately 107 cells per mL. 

However, the PCA count resulted in fewer colonies for the strain OX0604. The 

PCA count is more specific as it only counts living cells whereas the OD600 

measurement measures also unviable cells. 

  DNA extraction from cells in pure culture was successful (Figure 6 and 

Table 6). However, the DNA extraction from strains in the cucumber matrix 

was not significant where no amplification of the 16S rDNA gene was obtained 

(Figure 6). The DNA quantification from pure culture ranged between 33,5 

µg/mL and 41,5 µg/mL where DNA amount from strains mixed with cucumber 

matrix were much lower, from 3,25 µg/mL to 7,38 µg/mL. Coincidentally, a 

low bacterial load was discovered in the cucumber samples since there was no 

enrichment step for the bacteria to grow and multiply in the cucumber. 

Although, the number of cells in the DNA extraction could be a coincidence, 

whereas only one sample of each dilution was tested from the cucumber mix. 

However, Multiplex Real-Time PCR has detected 1-10 cells/mL of E. coli 

serotype O157:H7 (Gullino & Bonants, 2014). From the result of this study, a 

deduction can be made that PowerSoil DNA Extraction kit is not suitable for 

DNA extraction of bacteria in cucumber. However, other researches have 

demonstrated that the same kit can be used for the extraction of amplifiable 

DNA from the foodborne pathogen L. monocytogenes cells in vegetables, with 

bacterial loads of 103 bacterial cells per gram (Vojkovska, Kubikova & Kralik, 

2015). In this study, the bacterial loads in the first dilution was approximately 

0,3 cells in the dilution 10-5. However, a dilution of 10-2 in cucumber showed 

similar values of DNA quantification from the DNA extraction.  

Few assumptions can be made for this unsuccessful DNA extraction. 

The bacteria could be too tightly bound to the cucumber matrix. The DNA 

amount measured, can also belong to the cucumber genome. According to 

literature, DNA in food is often shattered or degraded which may construct a 

PCR inhibition with the accompanying compounds if they pass through the 
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DNA extraction procedure (Rodriguez-Lazaro, 2013). Further examination 

would include the use of other kits that have been reported as an efficient DNA 

purification method from vegetable matrices, such as DNeasy Blood and Tissue 

kit from Qiagen or the iQ-CheckTM STEC VirX test from Bio-Rad, which has 

been used for identification of the virulence factors stx1, stx2 and eae in 

researches in food- and water samples in Iceland (Russo et al., 2014; Kristrún 

Sigurjónsdóttir, 2015).  

Real-Time PCR was performed with both TaqMan probe assay and 

SYBR Green chemistry. The SYBR Green assays, with both eae gene and 16S 

rDNA gene, resulted in amplification of the negative controls and cucumber 

samples, which should show a completely flat plot (Figures 7a and 7b)(Wang 

et al., 2016). However, there was a clear difference in the melt curve, between 

positive and negative samples, according to the temperature of the peaks (Figure 

8 and A2 in Appendix II). To examine the molecular weights of the products 

formed in the Real-Time PCR SYBR Green, the products were run on a 2,0% 

w/v TBE agarose gel but no noticeable band appeared. No significant 

amplification was obtained for all samples for the TaqMan probe assays (Figure 

7c).  

The result of the comparison of the two methods performed, the TaqMan 

probe assay seems to have higher sensitivity, which is according to literature, 

whereas only one sequence-specific amplification occurs. However, SYBR 

Green is based on the binding of every dsDNA (Bassler et al., 1995). The 

assumption for amplification of the negative control, is amplification of the 

primers, which seems to be a common problem with SYBR Green chemistry, 

according to Ponchel et al., (2003). Other reasons for amplification in the 

negative controls is contamination. Even though a sterile environment and 

precise methods of work are present, a contamination is always possible. In this 

study, contamination of every chemical in the Master mix was excluded with 

the use of other and/or new reagent each time SYBR Green assay was 

performed.  

If no DNA template is available, primers can form dimers that can result 

in false-positive amplification curve. Primer-dimer are formed when a part of 

two primers bind with each other and the PCR process amplifies this hybrid 

rather than the desired product. Primers can also produce non-specific 
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amplification if the primers are not completely specific for the DNA template, 

that can result in double amplified products (Tolle et al., 2014). The fact that no 

primer-dimer amplification was noticeable in gel electrophoresis garnered 

considerable attention. According to Karlsen, Steen & Nesland (1995),  SYBR 

Green has higher binding affinity to dsDNA than other chemicals used as 

fluorescent tag in gel electrophoresis, such as ethidium bromide or SYBR Safe. 

Other possibility for this result is that the molecular weight of the primers was 

too low to be identified in the gel electrophoresis. 

The 16S rDNA gene was run in the Real-Time PCR SYBR Green 

method because of almost no possibility of primer-dimer formation, with 

applying well known primers. Low annealing temperature can increase the risk 

of primer-dimers and as shown in Table 1, the annealing temperature for the eae 

primers is rather low, or 56°C. Low expression of the target gene in the cell can 

also increase the risk of forming primer-dimers (Kumar & Kaur, 2014). The 

software OligoAnalyzer 3.1 was used to check the possibility of primer 

dimerization for all primers. The eae primers showed higher delta G values than 

other primers or -6,7 kcal/mol, which is lower value than -5 kcal/mol and 

therefore, more possibility of primer-dimer (Nazarenko et al., 2002). Both stx2 

and rfbE primers had the value -5,0 kcal/mol. Future examination would include 

procedure to avoid primer-dimer formation, such as increased concentration of 

primers and DNA amount along with increasing the annealing temperature.  

 

Many speculations came up during the procedure of this study. If a 

longer period for the project would be available, it would be interesting to build 

the PCR assays and the gene detection on the information from the interviews, 

about pathogens in vegetable production. The interviews with the horticultural 

farmers gave an insight to the main concerns and infections in the vegetable 

productions, where the majority of the farmers agreed with most topics of the 

interview. The most interesting parts in the interview was the non-washing step 

in the packaging, the emerging viral infections and the fact that every farmer 

mentioned that he knew all the common infections and was confident to analyse 

the symptoms by himself. Lastly, it was unexpected that no bacterial infection 

was mentioned in the interview. According to Akoachere et al. (2018), aerobic 

bacteria counts in raw vegetables in Cameroon in Africa range from 2,5 x 106 
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to 1,5 x 107, where lettuce has the highest mean count and the highest total 

coliform count and fecal coliform count. The commensal and common human 

pathogen Staphylococcus aureus was isolated in 84% of the vegetables in that 

research. Although, the Icelandic climate and hygiene is unsimilar to Africa. 

Additionally, Icelandic literature point out that distribution of antibiotic-

resistant bacteria can transmission through vegetables and very little 

supervision is present in the transmission of bacteria from food to humans. The 

Icelandic government has not yet introduced the EU resolution nr. 652/2013 

about the monitoring of human pathogens that transmit between humans and 

animals (Sigurborg Daðadóttir et al., 2017).  

With increasing foodborne infections and outbreaks, the need of faster 

detection methods is increasing. In the PCR assays, it was unfortunate that E. 

coli serotype O157:H7 was not an option to work with in this study. However, 

an unexptected result appeared when E. coli DSM1103 and OX0604 strains 

showed an amplification for an unknown PCR product. The procedure of the 

study was fairly successful and therefore, the main objective of the study 

obtained.  

     



Viðskipta- og raunvísindasvið    Auðlindadeild 
 

   45 

5   Conclusion  
At the beginning of this study, the following research questions were proposed: 

•   Can Escherichia/Shigella strains be detected with Real-Time PCR 

in fresh cucumber?  

•   What do Icelandic vegetable farmers think about the detection 

methods used today? 

•   Which pathogens are of most concern to Icelandic vegetable 

farmers? 

The main focus was on human pathogens in vegetables and the escalating 

demand for rapid detection methods in vegetable production. The aim of the 

study was twofold: to investigate if a molecular-based methods, PCR and Real-

Time PCR, can predict virulence factors in E. coli strains and to gain an insight 

to the present situation in common pathogens and the detection methods of 

pathogens in vegetable production with interviews.  

  According to the horticultural farmers interviewed, the emerging viral 

infections in december 2017 was a unexpected contamination in Icelandic 

vegetable production. No bacterial infection was mentioned as a concern in 

vegetable production, whereas the fungal infections Gummy Stem Blight and 

gray mould are a common concern. The interviews gave a clear image of the 

horticultural farmers role in the detection process of plant pathogens. 

Ráðgjafamiðstöð landbúnaðarins seem to provide a consultant and take full 

responsibility of sampling and analysing of the samples for farmers that are a 

part of Sölufélag garðyrkjumanna. Therefore, it is necessary to have more 

diverse participants in future studies and gather more information about 

bacterial infections.  

  The main findings of the PCR and Real-Time PCR assay was that 

unsignifant amplification of the virulence genes were obtained. However, a 

unexpected, nonspecific amplification of the virulence gene eae was obtained. 

Comparison between the TaqMan probe and SYBR Green chemistry in the 

Real-Time PCR method suggest that the TaqMan probe assay has higher 

specificity as no amplification yielded, whereas SYBR Green showed 

amplification in all samples, including the negative controls. The reason for this 

amplification with SYBR Green chemistry is most likely because of unspecific 
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amplification where primers, as short artifacts, produce fluorescence with the 

SYBR Green reagent. Otherwise, the results for the conventional PCR and Real-

Time PCR were similar. 

  Future studies would include other human pathogens found in raw 

vegetables such as common Shigella strains or pathogenic E. coli strains that 

belong to BSL-2. It would be possible to work with only the extracted DNA 

from E. coli serotype O157:H7 in pursuant to this study, where the infectious 

bacterial cells are not an option at Háskólinn á Akureyri. Sequencing of the 

unknown PCR product for the eae gene would be considerable future work and 

comparison if the OX0604 and DSM1103 strains include the same PCR product. 

Other DNA extraction kits would be used for the cucumber matrix samples. It 

would also be interesting to use lettuce instead of cucumber, as E. coli is 

frequently isolated from that type of vegetable and poses safety risks because it 

is almost always consumed raw. Optimization of the PCR assays would also be 

a part of future studies. To test if concentration of primers and DNA template, 

the annealing temperature along with testing if chemicals that bring more 

specificity to the PCR reaction, such as MgCl2, would give more accurate 

reactions in the important and rapid molecular-based methods, Real-Time PCR, 

performed in this study to detect human pathogens in food as quickly as 

possible. 
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Appendix  I  
Introduction  letter  
Kynningarbréf fyrir vísindarannsókn  
„Skimun með rauntíma-PCR á grænmeti eftir völdum sýklum manna  
og plantna ásamt eigindlegum viðtölum við grænmetisbændur“ 
  
Kæri viðtakandi 
Tilefni þessa bréfs er að óska eftir þátttöku þinni í rannsókn sem er hluti af 
lokaverkefni mínu til B.Sc. prófs í líftækni við Auðlindadeild Háskólans á Akureyri. Leiðbeinendur 
og ábyrgðarmenn rannsóknarinnar eru Oddur Vilhelmsson, prófessor, og Margrét Auður 
Sigurbjörnsdóttir, aðjúnkt, við Háskólann á Akureyri. 

Markmið rannsóknarinnar er að þróa fljótvirkari aðferð við greiningu sýkla í grænmeti, miðað 
við aðferðir notaðar í dag. Greiningaraðferðin sem prófuð verður byggir á erfðaefni sýkla, og er því 
nákvæm, og niðurstöður fást jafnvel innan nokkurra klukkustunda. Hagurinn er því mikill og felst í 
því að minnka líkur á dreifingu sýkla, og þar með eyðileggingu matvæla, á meðan greiningu stendur. 
Til að komast að fullnægjandi niðurstöðu vil ég kanna reynslu grænmetisbænda af sýklum í grænmeti 
og greiningu þegar sýking á sér stað og auka þar með vitund um algengar sýkingar á Íslandi ásamt 
stöðu greiningaraðferða.   

Tilgangur rannsóknarinnar er tvíþættur, eigindleg rannsókn felst í viðtölum við 3-4 
grænmetisbændur á mismunandi stöðum á landinu til að kanna reynslu þeirra á sýklum í 
grænmetisrækt, og megindlegri rannsókn á rannsóknarstofu, sem byggist á greiningu gena 
bakteríunnar E. coli sem eru virk í sýkingarferli hennar með rauntíma-PCR tækni. Tekið verður eitt 
viðtal símleiðis við hvern grænmetisbónda og tekur hvert viðtal um 30-40 mínútur. Viðtölin verða 
hljóðrituð og síðan afrituð. Öllum persónugreinanlegum gögnum, ef þau koma fram í viðtölunum, 
verður eytt við ritum viðtalanna. Einungis undirrituð og leiðbeinendur hennar hafa aðgang að 
gögnunum. Boðið verður upp á að yfirfara upplýsingar sem gefnar eru upp í B.Sc. ritgerðinni áður en 
henni er skilað inn. Einnig er boðið upp á nafnleynd ef viðmælendur óska eftir því.  

 
            Aðstoð þín felst í því að gefa brot af dýrmætum tíma og miðla af reynslu þinnar. Mér þætti 
vænt um að þú tækir þátt í þessari rannsókn þar sem saga þinnar grænmetisræktunar er löng og því 
afar dýrmæt. Einnig er nauðsynlegt að fá að heyra skoðanir bænda frá öllum landshlutum og þið 
urðuð fyrir valinu vegna staðsetningar ykkar. Þriðji þátturinn sem gerir ykkar rækt mikilvæga fyrir 
mína rannsókn er gríðarlega fjölbreytta og mikla ræktun ykkar á grænmeti og því mikil reynsla sem 
fylgir því.   

Í viðhengi getur þú skoðað spurningalistann sem ég mun styðja við á meðan viðtalinu stendur. 
Ég mun fylgja þessu kynningarbréfi eftir með símtali eftir fáeina daga og finna hentugan tíma fyrir 
viðtalið sjálft. 

 
Með kærri kveðju,  
Olga Ýr Björgvinsdóttir, líftækninemi við Háskólann á Akureyri 
Sími: 846-8477, netfang: ha150063@unak.is 
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The  list  of  questions  

Spurningalisti   
Ræktun  

1.   Staðsetning ræktunar  

2.   Hvaða tegundir grænmetis eru ræktaðar?  

3.   Hvað er mikið af grænmeti ræktað í þinni ræktun á ári?  

4.   Hversu oft er vökvað grænmetið?   

5.   Hvernig er samsetning moldar? Einhver sérstök tegund moldar? Er allt grænmeti í 

sömu moldinni? Er skipt um mold?  

6.   Er notað eitthvað í ræktuninni til að fæla burtu sýkla? Skordýraeitur? Lífverur sem 

hindra sýkla?  

7.   Er einhver áburður notaður í moldina?  

8.   Er grænmetið þvegið áður en því er pakkað og selt í búðum?   

Þ.e. hvernig er ferlið eftir upptöku grænmetis og þangað til það fer í sölu í búðum  

  

Sýking í grænmeti  

9.   Hver væru fyrstu merki sýkingar á plöntunum sem þú notar?  

10.  Er einhver sérstök sýking sem kemur upp reglulega?   

Er einhver sérstök baktería sem grænmetisræktendur eru sífellt að berjast við?  

11.  Hvernig telur þú að sýking berist í grænmetið?  

12.  Hver væru viðbrögð þín við sýkingu í grænmeti?   

Er einhvers konar ferli sem fer af stað á staðnum eða er grænmetið sent til greiningar?  

13.  Finnst þér sýkingar vera að aukast eða minnka í grænmeti síðustu ár?   

14.  Ertu í einhvers konar samstarfi við fyrirtæki við greiningu sýkla?  

15.  Hefðiru áhuga á að vinna með Háskólanum á Akureyri í framtíðinni í sambandi við 

greiningu sýkla?  
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Appendix  II  
Quantitative  method    

Table  A1.    Measured  optical  density  and  the  serial  dilutions  in  Butterfields  Buffer.    

Dilution Measured Optical Density (OD600) 

E. coli DSM1103 OX0604 

100 1,2298 1,7827 

10-1 0,2775 0,1743 

10-2 0,0443 0,1661 

10-3 0,0090 0,0100 

10-4 0,0100 0,5355 

 

 

 
Figure  A1.  A  dilutions  curve  for  E.  coli  DSM1103  (blue)  and  OX0604  (orange)  plotted  
from  the  optical  measurement  and  the  colonies  counted  on  PCA  plates.  Showing  

dilutions  100  through  10-4.  Trendline  and  R2  value  shown.  
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Table  A2.  Colonies  counting  on  PCA  plates  after  48  hour  incubation.  

Dilution Number of Colonies* 

E. coli DSM1103 OX0604 

100 TNTC TNTC 

10-1 TNTC TNTC 

10-2 >1000 >1000 

10-3 >1000 >1000 

10-4 >500 >500 

10-5 ~250 ~200 

10-6 21 15 

35 14 

29 -    

33 -    
     *TNTC = Too numerous to count 
 
Table  A3.  The  ratio  of  chemicals  in  the  Master  mix  for  TaqMan  Probe  Real-Time  
PCR.  

Chemical µL in each sample 

Luna Universal 

Probe qPCR Master 

Mix* 

10,0 

F primer** 0,8 

R primer** 0,8 

Milli-Q H2O  6,0 

Probe**  0,4 

Total 18,0 

   *New England Biolabs. **[10 µM] 
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Figure  A2.  Melt  curve  for  16S  rDNA  gene  with  SYBR  Green  showing  a  specific  
amplification  at  85°C.  False-positive  amplification  was  obtained  at  82-83°C.  

 






