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ABSTRACT 
 
The Middle East and Gulf region has been identified as high-risk for Shiga toxin-
producing E. coli (STEC) infections due to the various outbreaks and cases 
reported in recent years. This research presents an overview of the virulence, 
epidemiology and clinical symptoms regarding this region's most frequently 
identified STEC strains. In addition to O157:H7, the six strains of concern in the 
Middle East and Gulf region are O26, O111, O103, O145, O45 and O121. These 
strains are known to generate Shiga toxins that cause severe gastrointestinal 
symptoms and lead to potentially fatal outcomes, including haemolytic uremic 
syndrome. The virulence of these strains stems from their ability to colonise the 
human gut and produce toxins such as adhesins, intimin and other toxins, 
inducing severe illnesses in the human gastrointestinal system. The prevalence of 
each STEC strain varies throughout Middle Eastern and Gulf countries, with 
O157:H7 being the most frequently identified strain, followed by O26:H11 and 
O103:H2. The epidemiology of STEC infections is complex, with several factors 
influencing strain distribution and transmission in the Middle Eastern and Gulf 
countries. Risk factors include contact with animals and their environment, 
ingesting contaminated food and drink and person-to-person transmission. In 
addition, lack of hygiene, poor food safety regulations and limited surveillance 
and reporting all contribute to the high prevalence of STEC infections in this 
region. The top six STEC strains discovered in the Middle East and Gulf region 
pose a significant public health risk due to their ability to cause major infections 
and illnesses. It is essential to comprehend the epidemiology, clinical symptoms 
and virulence characteristics of these strains to design efficient preventive and 
control measures. Further research and monitoring are needed to better 
understand the dynamics of STEC infections in this area and to implement 
appropriate policies to reduce their impact on public health. 
 

 

1. Introduction 
 

    Shiga toxin-producing Escherichia coli (STEC) presents a 
serious public health issue (Glassman et al., 2022), as it is a 
significant cause of foodborne illnesses worldwide. The 
attendant illnesses range from moderate diarrhoea to fatal 
haemolytic uremic syndrome (HUS). Although E. Coli, a 
facultative, symbiotic Gram-negative anaerobe present in 
human intestines, is a relatively innocuous bacterium 
extensively utilised as a marker for faecal adulteration and 
hygiene breaches, the STEC are pathogenic variants (Figure-1). 
They represent several E. coli strains that have become virulent, 
allowing them to acclimatise to new surroundings and, in rare 
cases, cause severe sickness (Oliveira et al., 2023). These 
zoonotic (they exist as typical gut flora in ruminant animals, 
notably cattle) pathogenic variants spread from animals to 

people through contaminated food, drinks, faeces or contact 
with infected plants and animals (Nada et al., 2023). This 
pathogenic subgroup of E. coli includes diffusely adherent E. 
coli, enterohaemorrhagic E. coli (EHEC), enteroaggregative E. 
coli (EAEC), enteropathogenic E. coli (EPEC), enterotoxigenic E. 
coli (ETEC) and enteroinvasive E. coli  (Kaper et al., 2004; Bryan 
et al., 2015).   The gastrointestinal illnesses caused by STEC are 
due to the powerful Shiga toxins (Stx) encoded in the 
bacteriophage on the EHEC chromosome (CDC, 2019). The term 
‘Stx’ comes from the Japanese scientist Kiyoshi Shiga (1870–
1957), who also gave his name to the genus Shigella since the 
toxin formed by Shigella dysenteriae type 1 is strikingly 
analogous to the compounds Stx1 and Stx2 formed by STEC 
(Glassman et al., 2022). The World Health Organization (WHO) 
has identified O157:H7 and another six serogroups of STEC 
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most frequently linked with infections in humans worldwide 
(Panel et al., 2020). These are O45, O104, O26, O145, O111 and 
O103. The E. coli causing the most concern in the dairy sector is 
O157:H7, a STEC serotype with high potential virulence; it can 
cause illness even at minimal doses of 5–50 cells. Outbreaks 
caused by STEC-contaminated food are on the rise, and in 
instances involving food produced and distributed on a large 
scale, they can affect significant numbers of individuals (EFSA, 
2019).  
 
      Reactive oxygen species (ROS), growth phase, antibiotics, 
temperature and quorum sensing are all environmental signals 
influencing Stx expression. There is currently no effective 
therapy or prophylactic for HUS. Since antibiotics induce Stx 
formation and their efficacy in treating EHEC infections is 
debatable, researchers are intensely investigating new 
treatments (Navarro-Gonzalez et al., 2020). Due to the typical 
clinical characteristic of bloody stools, STEC was formerly 
known as EHEC, an acronym still used today (Shridhar et al., 
2017). Although EHEC is a disease-causing agent in humans, it 
is a symbiont in the gastrointestinal (GI) tract of cattle, and cattle 
faeces is a significant cause of EHEC contamination and 
transmission. Many researchers have focused on eradicating 

EHEC from ruminant GI tracts to minimise infections from this 
enteric disease-causing agent (Huang et al., 2020). Due to its 
cytotoxic activity on the kidney cell lining of Vero monkeys, 
STEC is also characterised as verocytotoxin-producing or 
‘verotoxin-producing’ E. coli (VTEC).  
 
      The most common STEC serotype linked with human 
sickness and the principal source of HUS is the STEC strain, 
O157 (Lee et al., 2016). Cattle cause most of the global zoonotic 
STEC infections, and they are the primary reservoir for O157 
STEC and several key non-O157 STEC strains, such as O113, 
O103, O111 and O26 (Figure-2). Infection by STEC typically 
causes diarrhoea marked by bloody stools (known as bloody 
diarrhoea) and usually resolves on its own (Figure 1) (Alharbi 
et al., 2022). However, around 5%–7% of patients develop HUS, 
the most toxic complication of STEC infection, which involves 
thrombocytopenia, haemolytic anaemia and abrupt renal 
failure (Smith et al., 2016; Tunsjo et al., 2023); the young and the 
elderly are more susceptible to STEC complications. In children 
with STEC infection, HUS frequently occurs shortly after the 
advent of diarrhoea. It is a potentially fatal illness with a 5% 
fatality rate and is caused by the discharge of Stx. However, 
other STEC strains, such as O26, O111 and O103, have also been 

Figure 1. The common sources of infections associated with 
STEC infections. Source: (Alharbi et al.,2022) 

 

Figure-1. The main six categories of pathoginic E. coli.  

Here, the interaction of each category with a typical target cell is schematically represented. a | EPEC adhere to small bowel enterocytes, but 

destroy the normal microvillar architecture, inducing the characteristic attaching and effacing lesion. b | EHEC also can induce the attaching 

and effacing lesion in the colon only. c | ETEC adhere to small bowel enterocytes and results watery diarrhoea by the secretion of heat-labile 

and/or heat-stable enterotoxins. d | EAEC usually adheres to bowel (small and large) epithelia in a thick biofilm and elaborates secretory 

cytotoxins and enterotoxins. e | EIEC invades the colonic epithelial cell, lyses the phagosome and moves through the cell by nucleating actin 

microfilaments. f | DAEC elicits a characteristic signal transduction effect in small bowel enterocytes that manifests as the growth of long 

finger-like cellular projections. Source: (Kaper et al., 2004). 
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linked to significant human illnesses worldwide. Most STEC 
serotypes do not cause disease in cattle; however, a few 
serotypes, including O157, O113, O5 and O26, cause diarrhoea, 
especially in young calves (Figure-2). The infections are 
transmitted to people through raw or poorly cooked beef (or 
beef products), vegetables polluted with cow excrement, raw or 
improperly pasteurised milk (or milk products) and direct 
exposure to host animals or their natural derivatives (Lee and 
Tesh, 2019). 
 
      Bacteria that evolve to become antimicrobial-resistant are a 
vital public health concern, with approximately 10 million 
projected deaths per year by 2050. Worldwide, STEC isolates 
with genes that produce enzymes extended-spectrum-
lactamase (ESBL) have been discovered in both humans and 
animals. They are resistant to an extensive range of lactam 
antibiotics widely utilised in clinical and veterinary treatment. 
Moreover, clinical E. coli, which produce carbapenemase 
segregates in humans, are snowballing worldwide (Kintz et al., 
2017). The discovery that STEC serotypes other than O157 were 
connected to haemorrhagic colitis and diarrhoea has 
accelerated the designing of laboratory testing protocols to 
identify the more than 150 STEC non-O157 strains that have 
since been discovered. The proportion of STEC serotypes 
sequestered from ruminants and sick people varies widely, 
emphasising the need for clinical laboratories to identify 
common endemic serotypes while also looking for less frequent 
or imported serotypes in unusual diseases (WHO, 2019). Other 
non-O157 STEC also harbour and express Stx, existing on 
bacteriophages in the STEC genome, causing haemorrhagic 
colitis, diarrhoea and HUS-like STEC O157 infections (Espinosa 
et al., 2018). 
 

       The ingestion of raw vegetables, water, unpasteurised or 
poorly pasteurised juices or milk polluted with STEC from 
cattle excrement are the common infection vectors. Direct 
transmission from human to human and animal to human 
occurs frequently worldwide (Byrne et al., 2014). In the 
following sections, STEC, EHEC, and VTEC are all 
abbreviations used interchangeably.  
 
Methods for Detecting STEC 
 

      In general, culture-dependent approaches are used to count 
and isolate foodborne pathogens. These techniques are time 
consuming, but they are accurate, affordable and enable 
qualitative and quantitative assessment of the microorganisms 
present in a sample. One amino acid differentiates Stx1 from the 
Shiga toxin of the serotype S. dysenteriae, and Stx2 has an 
approximate 60% amino acid resemblance to Stx1. The genetic 
sequences of Stx1 and Stx2 variations are known, and a single 
STEC bacteria can create several variations (WHO, 2019). 
Identifying the O157 strain in stool specimens is limited by its 
inability to ferment sorbitol quickly. Therefore, O157 is grown 
on Sorbitol–MacConkey agar (SMAC).  
 
      However, most non-O157 STEC ferment sorbitol and cannot 
be distinguished from E. coli strains that are non-pathogenic on 
SMAC agar. Consequently, to diagnose non-O157 STEC, testing 
for Stx or the genes that produce them is necessary. Since non-
O157 STEC are not commonly discovered in clinical 
laboratories using traditional stool culture techniques, their 
impact as pathogens is largely unknown (Withenshaw et al., 
2022). Comprehensive laboratory testing has progressed, 
meaning diagnosing this illness from stool specimens is now 
standard. In addition, the clinician must engage with the clinical 
microbiology laboratory to ensure proper specimen gathering 

 

Figure 2. The common sources of infections associated with STEC infections. Source: (Alharbi et al.,2022) 

 



4 | The American Journal of Science and Medical Research.2023; 9(3) 
 

and transportation and that cultures are appropriately prepared 
to retrieve and separate STEC O157 from stool samples 
submitted for other bacterial cultures (Gioia-Di Chiacchio et al., 
2018). The benchmark for verifying the diagnosis is segregating 
a viable STEC culture from the stool samples (Ferraro et al., 
2023). 
 
      Scientists are working on new and faster methods to identify 
food infections. Some techniques rapidly detect and quantify 
Listeria monocytogenes, Salmonella spp., Staphylococcus aureus, 
and E. coli that generate Stx in food samples, including 
immunologically based methods, nucleic acid-based tests and 
biosensors (Valderrama et al., 2016). The most common 
molecular detection techniques, such as polymerase chain 
reaction (PCR) and real-time PCR are time consuming, meaning 
there is an urgent need for a rapid screening assay that can be 
used in agri-food contexts. In one study, an amplification-free 
multiplex electrochemical sensor for the simultaneous detection 
of the Stx1 and Stx2 genes was developed using six 
interdigitated gold microelectrode sensors on a silicon-based 
device (Wasiewska et al., 2023).  
 
      Modern analytical techniques to identify STEC in foods 
frequently use PCR screening of the enrichment medium. 
However, when testing for DNA sequences linked to the 
disease, the PCR inhibitors found in food enrichments might 
result in misleading negative results. To avoid false-negative 
findings in enrichment screening, including DNA extraction 
procedures that effectively eliminate PCR inhibitors from 
various foods is desirable. This extraction procedure uses Bio-
Rad InstageneTM Matrix according to the Canadian STEC 
standard, MFLP-52 (Bouvier et al., 2023). A rapid test is created 
based on amplifying two Stx genes by isothermal recombinase 
polymerase in a single reaction. On a single lateral flow paper 
strip, the outcomes of the amplification response for both Stxs 

are shown simultaneously. This approach is used to broadly 
detect Stx-producing bacterial species, explicitly targeting the 
DNA encoding Stx1 and Stx2. With a 10 CFU/mL detection 
limit, this approach may produce results in around 35 minutes. 
However, this sensitive and selective method can only detect 
Stx-producing bacteria (Petrucci et al., 2022). Instagene Matrix 
with Beckman Coulter Ampure XP Beads, a Qiagen Gentra 
Puregene Yeast/Bact. Kit and Qiagen DNeasy Blood and Tissue 
were used in three distinct DNA extraction methods to identify 
the Stx genes using PCR. Bean sprouts, blackberries, blue 
cheese, cilantro, cocoa powder, coleslaw, cream of mushroom 
dry soup mix, cream of vegetable dried soup mix, flaxseed, 
guacamole, peanut butter, soft cheese, soy butter, spinach, 
walnuts and wheat flour were some of the foods that had been 
contaminated (McMahon et al., 2023). The researcher’s findings 
indicate that the IC-Protocol is a reliable technology for 
isolating STEC across various cheeses (Miszczycha et al., 2023). 
 
Global Outbreaks   
 
      At present, STEC outbreaks are a global public health 
concern. Several significant STEC outbreaks have occurred in 
various countries worldwide in the last few years (Figure 2) 
(Islam et al., 2014) (Figure-3). The Middle East region, including 
Saudi Arabia, has also experienced several outbreaks of STEC, 
highlighting the necessity for improved scrutiny and control 
(Mir et al., 2019). The discovery of STEC O157 as the cause of 
HUS outbreaks in children in the 1980s made it a public health 
issue. In the 1990s, epidemiological and microbiological 
surveillance systems were designed in the United Kingdom to 
tackle this public health hazard, and they are continually being 
improved. In 2009, Public Health England (PHE) created the 
National Enhanced STEC Surveillance System (NESSS) to 
collect epidemiological data on all STEC O157 cases in England 
and Wales. Local diagnostic laboratories send STEC O157 

 

Figure 3. Estimated prevalence of E. coli O157 in cattle in different countries. Source: (Islam et al., 2014) 
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isolates to PHE's Gastrointestinal Bacteria Reference Unit 
(GBRU) for validation (Treacy et al., 2019).  
       According to the WHO, in 2010, STEC infection caused over 
a million illnesses and 100 deaths. Between 1998 and 2016, the 
European and Western Pacific regions (EUR and WPR) 
documented 211 STEC incidences, far fewer than the 708 
outbreaks recorded in the Americas (EFSA, 2019). Egypt is part 
of the Middle East region with the world's maximum annual 
rates of STEC infections in humans (Kim et al., 2020). In the 
United States (USA) and Canada, E. coli strains with various O-
antigenic serotypes related to bloody diarrhoea and post-
diarrhoeal haemorrhagic colitis have been detected in children. 
Over the last 45 years, there has been much consideration of a 
single STEC O-antigen serotype, which is prevalent in 
documented outbreaks and reports of isolated cases in the USA 
and other regions, but not all over the world (Havelaar et al., 
2015). In Germany, for instance, STEC O91 is the most common 
serotype found in mature patients, while STEC O157 was 
suspected of causing a diarrhoea outbreak in the USA in 1982 
and an outbreak in Japan in 1996, afflicting approximately 6,000 
youngsters, of which three died. In 1982, two severe HUS 
outbreaks occurred in Oregon and Michigan in the USA and 
were connected to infected meat supplied by a fast-food 
restaurant chain, resulting in four deaths. The pathogen was 
isolated from the patients’ faeces and identified as E. coli O157. 
A year later, the toxins extracted from three E. coli segregates 
from the outbreaks were compared with S. dysenteriae to 
validate the synthesis of Stx (Heiman et al., 2015; Kim et al., 
2020).  
 
      In May 2011, a large outbreak of diarrhoea triggered by 
EAEC occurred in Germany, and it was linked to a significant 
number of HUS cases. By the end of the pandemic in late July 
2011, 782 HUS cases with 29 fatalities and 3,128 non-HUS cases 
involving 17 deaths had been recorded, making it the largest 
HUS outbreak in history. The consumption of fenugreek 
sprouts was linked to the outbreak. In 2018, a STEC epidemic in 
the USA resulted in more than 200 cases spread across 36 states. 
The outbreak was linked to romaine lettuce (Halsby et al., 2017). 
These outbreaks demonstrate the importance of STEC 
surveillance and control measures worldwide. Rapid detection, 
investigation and containment of outbreaks are crucial to 
reducing the spread and limiting the number of illnesses and 
deaths (Bannon et al., 2016). Increasing awareness among both 
the public and healthcare professionals about the risk factors 
and preventive measures for STEC infections is essential. 
Furthermore, the appropriate implementation of investigation 
and control measures is necessary to contain and end STEC-
related issues, reducing the disease burden on public health 
(Jajarm et al., 2017). 
 
Laws and Policies 
 
       Several laws and policies have been instituted to prevent 
and respond adequately to STEC outbreaks. The detection of 
pathogenic E. coli, explicitly O157, by the Food and Drug 
Administration (FDA) in the USA between 2018–2020 in leafy 
greens within mutually dependent geographical areas and 
problems associated with the production of cattle and migrant 
birds in neighbouring lands led to the formulation of the Leafy 
Greens STEC Action Plan (LGAP) (Lacombe et al., 2022). The 
LGAP is the FDA's response to the repeated outbreaks 
connected with leafy greens; it is a regulatory method for 
licensing commercially available sanitisers that may be used in 
irrigation waters to battle STEC, especially E. coli O157. It was 
developed alongside the USA’s Environmental Protection 
Agency (EPA). However, the protocol has significant real-

world restrictions and economic implications (FDA, 2015). The 
FDA thoroughly examined the reasons for persistent STEC 
outbreaks in collaboration with the Center for Disease Control 
(CDC) and local administrators. The investigations revealed 
three recurring characteristics in the STEC contamination of 
leafy greens: the incidence of pathogenic E. coli, similar 
geographical locations and difficulties with neighbouring land 
operations. The epidemic-causing bacterial strain were traced to 
cow faeces samples obtained from surrounding properties 
(Lacombe et al., 2022). 
 
      The Food Safety Modernization Act (FSMA) instituted by 
the FDA created standards to guarantee that soil additives, 
water and food contact exteriors do not lead to cross-
contamination. The Produce Safety Rule (PSR) establishes the 
minimum requirements for cultivating, picking, packaging and 
storing vegetables and fruits for human use. This rule also 
covers agricultural water standards, the use of biological soil 
additives, the avoidance of adulteration by rearing and working 
animals, workers' health, cleanliness standards and farm 
designs (Fonseca et al., 2020). Following the adoption of the PSR 
in 2015, the Leafy Green Products Handler Marketing 
Agreements (LGMA) were amended in 2017 to align with the 
rule. The recurring epidemics connected with eating leafy 
greens prompted the FDA to adopt defensive steps by issuing 
the 2020 Food Safety Modernization Act (Singh and Greene, 
2017). The FDA has established several laws and policies to 
guarantee the safety and well-being of food commodities and 
prevent the spread of STEC. The zero-tolerance policy for STEC 
O157 in beef is one example. Before being supplied to 
customers, all raw beef products must be tested for the presence 
of STEC O157. If STEC O157 is found in a product, the product 
must be recalled and destroyed (Bottichio et al., 2020).  
 
      In addition to the zero-tolerance policy, the FDA has created 
production requirements for beef products. The use of hazard 
analysis and critical control points (HACCP) and good 
manufacturing practices, methods that ensure the quality and 
safety of foods while they are being manufactured, are part of 
these standards. All USA meat and poultry processing facilities 
must employ HACCP systems (Thomas, 2019). In addition, the 
FDA has created criteria for cultivating produce. These 
standards include the usage of good agricultural practices 
(GAPs), procedures that assure product safety and quality 
during manufacturing and good health and good handling 
practices (GHPs) that ensure product safety and quality during 
handling and storage (Tozzoli et al., 2014). Although GAPs and 
GHPs are optional, many producers and handcrafters use them 
(Maguire et al., 2021). Other regulatory bodies, such as the US 
Department of Agriculture (USDA) and the Environmental 
Protection Agency (EPA), in addition to the FDA, have enacted 
regulations and policies concerning STEC. The former is 
responsible for guaranteeing the safety of meat and poultry 
products, whereas the EPA oversees water source safety. 
Similar to the FDA's requirements for beef products, the USDA 
has set rules for the manufacturing of meat and poultry 
products, while the EPA has created drinking water safety 
requirements, including monitoring for STEC in water sources 
(Bottichio et al., 2020). 
 
STEC Breakouts and Related Research Studies in Different 
Countries  

 
       Gastrointestinal illnesses caused by STEC are a significant 
concern in the Middle East. Due to dietary and lifestyle changes, 
STEC infections have become more common in this region over 
the past few decades. There have been STEC outbreaks in 
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several Middle Eastern nations, including Saudi Arabia, Egypt, 
Kuwait and Iran (Al-Ajmi et al., 2020). The absence of adequate 
surveillance and reporting mechanisms is among the significant 
obstacles to managing STEC outbreaks in the Middle East; it is 
difficult to determine the disease's exact impact due to 
underreporting (Havelaar et al., 2019). The symptoms and 
available treatments for STEC infections are also unknown 
among both the general population and healthcare experts 
(Lang et al., 2023). 
 
      In recent years, there have been several STEC outbreaks in 
Saudi Arabia. The number of STEC illnesses reported 
countrywide in 2012 exceeded 14,000, making it one of the most 
severe epidemics. The incident was linked to consuming 
contaminated milk from a nearby dairy farm, which was 
subsequently closed, as it led to the loss of numerous lives. 
Saudi Arabia has since taken numerous measures to develop 
STEC surveillance and control systems (Hessain et al., 2015; 
Nada et al., 2020). Further research on the prevalence and 
characteristics of the six common STEC serogroups is necessary, 
given the growth in STEC infections in Saudi Arabia over time 
(Elafify et al., 2020).  
 
       The Saudi Journal of Biological Sciences published an article 
on the molecular and serotyping characterisation of STEC 
associated with food collected from Saudi Arabia. The 
researchers aimed to detect and characterise E. coli bacteria in 
raw meat and milk samples and look for Stx and intimin genes. 
A total of 540 milk samples were gathered from five dairy 
farms, while 150 raw meat samples were acquired from several 
abattoirs in Riyadh, Saudi Arabia. To identify and describe the 
E. coli strains, the researchers employed a mix of 
microbiological, biochemical and molecular approaches 
(Alsayeqh et al., 2023). The findings revealed that 11 (2.04%) of 
the 540 milk samples and 23 (15.33%) of the 150 raw meat 
samples tested positive for STEC strains. The bacterial strains, 
O157 and O26, were the most prevalent serotypes in both the 
milk and the meat samples.  
 
      The researchers also discovered that all STEC strains 
isolated from food samples included at least one Stx gene (Stx1 
or Stx2), with some strains carrying both. Furthermore, all STEC 
strains harboured the intimin gene (eaeA), linked to adhering 
and effacing lesions in the intestine. According to the study, raw 
meat and milk products in Saudi Arabia are possible sources of 
STEC infections in humans. The authors advocated for effective 
hygienic measures to be implemented throughout food 
manufacturing, processing and handling to avoid 
contamination (Alsayeqh et al., 2023). Al-Zogibi et al. (2015) 
provided significant information on the prevalence and 
characteristics of STEC strains in Saudi food items. Their study 
emphasised the significance of appropriate food safety 
measures to avoid foodborne diseases caused by E. coli and 
other pathogens. Finally, this paper provided insights into the 
occurrence of Stx in E. coli connected with Saudi Arabian 
cuisine.  
 
      Al-Humam and Mohamed (2022) investigated the likely 
prevalence of Staphylococcus aureus, E. coli, and Salmonella spp. in 
fast-food restaurants in Al-Ahsa Province in Saudi Arabia, as 
well as their potential risk of human infection and antimicrobial 
resistance. The study gathered 100 samples of shawarma 
poultry meat from various locations around the province and 
utilised traditional, commercial VITEK® 2 and molecular 
methods to identify isolates and detect antibiograms. It was 
found that Campylobacter jejuni, E. coli O157, S. aureus, Listeria 
monocytogenes and Bacillus cereus are the cause of most 

foodborne infections. The study discovered that 60% of the 
samples obtained from fast-food restaurants in Al-Ahsa 
Province were infected with S. aureus. The highest 
contamination was found in samples collected from Hofuf City 
(80%), followed by Al-Mubarraz City (70%), while the 
contamination was the lowest in the samples from Al-Qarah 
City (40%). However, none of the samples were contaminated 
with E. coli or Salmonella spp. The study also found that all S. 
aureus isolates were resistant to penicillin G but sensitive to 
vancomycin. Moreover, 90% of the isolates were resistant to 
ampicillin/sulbactam and cefoxitin but sensitive to linezolid. 
The study highlighted the potential risk associated with 
consuming fast food contaminated with S. aureus in Al-Ahsa 
Province and recommended continuous monitoring of food 
safety and hygiene practices to prevent the spread of foodborne 
diseases and antimicrobial resistance (Karmali et al., 2017).  
 
        In Egypt, Mansour et al. (2023) tested E. coli strains for 
antimicrobial sensitivity to 11 antimicrobial agents. According 
to the documented results, the STEC isolate was shown to be 
extremely sensitive to nalidixic acid (76.19%, 77.7%) and 
doxycycline (90.5%, 88.89%) while being only moderately 
susceptible to ampicillin (52.3%, 44.4%) and erythromycin 
(47.6%, 44.4%) in the food and faeces, respectively. In addition, 
there was considerable resistance to cephalexin (81.0%, 77.7%) 
and vancomycin (76.19%, 77.7%). Using real-time PCR and the 
genes for Stx1, Stx2, eaeA, and hylA, the recovered E. coli isolates 
from the investigated materials, such as chicken products or 
faeces, were successfully molecularly characterised. Despite the 
relatively low percentage of EPEC isolation, it was concluded 
from the data that Alexandria's retail food products pose an 
infection risk to people. Further investigation found that all 
STEC isolates were in eaeA, Stx1 and Stx2 genes (Rivas et al., 
2023). In addition, Ochieng et al. identified ehxA and saa 
virulence genes in certain strains (2023). The researchers also 
used pulsed-field gel electrophoresis (PFGE) to evaluate the 
genetic diversity of the STEC isolates. The isolates showed a 
wide genetic variety; no dominant PFGE pattern was observed. 
The primary food chain information (FCI) and post-mortem 
inspection (PMI) results and the frequency of public health 
concerns by slaughtering turkeys in Finland were the focus of 
an investigation by Blomwall et al. (2023). The study involved 
82 fattened turkey flocks from Finland. The FCI records of PMI 
data showed that Salmonella spp., Campylobacter spp., E. coli 
generating ESBL/AmpC, STEC, Listeria monocytogenes, and 
enteropathogenic Yersinia spp., were all present in the faecal 
swab samples. Around 45% of farmers with slaughtered turkey 
flocks reported FCI abnormalities (Blomwall et al., 2023). 
Another critical modelling study provided information on the 
growth of E. coli O157 and non-O157 STEC in ground beef, 
aiding the safety determination of commercial ground beef 
products (Walker et al., 2023).  
 
       A study conducted in Bangladesh determined the 
frequency and genetic characterisation of STEC isolates from 
butchered animals (Islam et al., 2008). Rectal contents were 
collected shortly after the animals were slain, with 1,000 
samples gathered from cattle, goats and sheep at three separate 
slaughterhouses in Dhaka. The samples were examined using 
microbiological and molecular techniques to identify and 
characterise STEC. According to the analysis, STEC was present 
in 4.9% of the samples, with 70% of the positive samples coming 
from the cattle, 20% from the goats and 10% from the sheep. The 
researchers discovered that the STEC isolates belonged to the 
serogroups, O26, O111, or O157, which were associated with 
life-threatening human diseases. 
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        The researchers suggested certain measures Bangladesh 
could take to reduce the risk of STEC contamination in meat 
products. This entails improving the hygiene standards in 
slaughtering and processing facilities, creating monitoring 
systems to track the prevalence of STEC in animals and meat 
products and warning consumers about the risks of consuming 
contaminated meat. The findings emphasised the importance of 
improved awareness and action to lower the risk of STEC (Islam 
et al., 2008). 
 
      In Korea, the genetic diversity of the STEC strains and the 
differences between strains acquired throughout time were 
emphasised by multilocus sequence typing and pulsed-field gel 
electrophoresis patterns. According to antimicrobial 
susceptibility testing, multidrug resistance grew from 12% in 
2010 to 42% in 2011. It is possible that seasonal fluctuations or 
the extensive slaughtering carried out in Korea to contain an 
early 2011 epidemic of foot and mouth disease caused 
differences between the isolates collected in 2010 and 2011. 
However, to better comprehend the processes, further 
epidemiologic investigations will be required. More public 
health initiatives are needed to reduce STEC infection spread 
through dairy products and the incidence of these bacteria in 
dairy animals (Kang et al., 2014). 
 
Challenges and Solutions 

 
       Despite the laws and policies of the regulatory authorities, 
preventing and controlling STEC remains challenging. One 
difficulty pertains to detecting the presence of STEC in food 
products. The current testing methods are unreliable and 
sometimes lead to false-negative results. Consequently, 
contaminated products enter markets, causing illnesses in 
unwary consumers. Researchers are developing new STEC 
testing techniques to address this problem. One such method 
involves next-generation sequencing, an advanced technique 
that can sequence an organism's whole genome, enabling the 
identification of specific STEC strains. This strategy may 
improve the precision of STEC testing while reducing the 
incidence of false-negative results.  
 
      The spread of STEC from animal-to-human sources is 
another problem. Cross-contamination can occur during transit 
or at retail outlets, even though there are strict regulations for 
producing meat and other food products. Scientists are looking 
at cutting-edge ways to prevent cross-contamination. One such 
strategy involves using bacteriophages, viruses that attack and 
kill bacteria. Before cattle and vegetables are transported or sold 
to consumers, scientists are exploring utilising bacteriophages 
to eradicate STEC.  
 
       Determining the source of STEC outbreaks is another issue. 
Locating and controlling the source of contamination in STEC 
outbreaks is challenging. Whole-genome sequencing is an 
advanced tool for determining the genetic signatures of STEC 
strains. This strategy allows for identifying the source of 
contamination and stopping further outbreaks. 

 

2. Conclusion 
 
      The prevalence of the STEC strains, O157, O45, O26, O111, 
O103, O145 and O121, pose a serious threat in the Middle East 
and Gulf region. These virulent strains cause severe GI 
symptoms such as HUS and bloody diarrhoea. Ingesting 
contaminated food and water, touching animals and 
inadequate hygiene standards compound the risk of STEC 
infections. Assessing the prevalence of STEC infections and 

implementing efficient prevention and control measures are 
more challenging without adequate surveillance and reporting 
systems. More studies and efforts are needed to better 
comprehend the epidemiology of STEC infections in this region, 
including identifying potential contamination sources and 
transmission pathways. More effective food safety regulations, 
cleanliness requirements and surveillance systems are needed 
to stop the spread of these illnesses and protect public health. In 
addition, in the Middle East and Gulf region, education and 
awareness campaigns directed at the public and healthcare 
professionals could aid in preventing and managing STEC 

infections.  

       This study highlights the importance of locating the six 
major STEC strains in the Middle East and Gulf region and the 
necessity for concerted action to address this public health 
issue. Implementing appropriate measures to prevent and 
manage STEC infections may reduce their impact on public 
health. Understanding the virulence factors, clinical symptoms 
and epidemiology of these strains is critical to meeting public 

health objectives.  
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