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Abstract

Introduction

Escherichia coli (E. coli) are bacteria that normally live in the intestines of humans and animals. Although most strains of these bac-
teria are harmless, several are known to produce toxins that can cause diarrhea. One particular one is E. coli O157:H7 that can cause 
severe diarrhea and kidney damage.

The bacteria are acquired by eating food containing the bacteria. The bacteria live in the intestines of some healthy cattle, and the 
contamination of meat may occur in the slaughtering process. Eating meat that is rare or inadequately cooked is the most common 
way of getting the infection. Infection can also occur after consuming foods such as lettuce, alfalfa sprouts, salami, and unpasteurized 
milk, juice or cider. Person-to-person transmission can occur if infected people do not wash their hands after using the bathroom. All 
ages can become infected with E. coli O157:H7, but children and the elderly are more likely to develop serious complications. Most 
identified cases develop severe diarrhea and abdominal cramps and blood is often seen in the stool. Usually little or no fever is pres-
ent. In some patients, particularly children under five years of age, the infection can cause a complication called haemolytic uremic 
syndrome (HUS). A prolonged hospital stay is often required. Fortunately, most people with HUS recover completely, but it can be 
fatal.

Keywords: Escherichia coli O157: H7; Verotoxin; Verotoxin receptor; Shiga toxin; Shiga toxin receptor; Shiga-like toxin; Food protec-
tion and food safety

Abbreviations: Vtx: Verotoxin; Stx: Shiga toxin; G3: glocotriosylceramide; HACCP: Hazard Analysis critical control Point; GMP: Good 
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Escherichia coli is a Gram negative (G-) bacteria that is commonly found in human and warm blooded animal intestines. Most E.coli 
strains are harmless and since 1890 have been used as a non pathogenic indicator for enteric pathogens, such as Salmonella. Currently 
there are six classes of E.coli which have been isolated that acquired virulence causing gastroenteritis to humans and are recognized to be 
enterovirulants of humans and animals. These enterovirulants E.coli are: enterohemorrhagic (EHEC), enterotoxigenic (ETEC), enteroin-
vasive (EIEC), enteroaggregative (EaggEC), enteropathogenic (EPEC) and diffusely adherent (DAEC).

E.coli O157:H7 is within the class enterohemorrhagic (EHEC) that produces Verotoxin 1 (Vt1) and Verotoxin 2 (Vt2) these two toxins 
are also referred to as Shiga toxin 1(Stx1) and Shiga toxin 2 (Stx2), respectively. The ability of these strains of E.coli to produce Shiga toxin 
was acquired from a bacteriophage carrying the Shiga toxin gene from the Gram negative (G-) pathogenic bacteria Shigella.
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E. coli O157:H7 is designated by its somatic O and flagella H antigens and was recognized as a human pathogen after Oregon and 
Michigan outbreaks in 1982. Those resulted in 47 cases of Haemolytic colitis (HC) and haemolytic uremic syndrome (HUS) of which 
33 patients were hospitalized. The source of these two state outbreaks was from undercooked hamburger served by the same food 
restaurant chain. The food borne pathogen was isolated from patients and frozen ground beef patties were contaminated with E.coli 
O157:H7.

Shortly after E. coli O157:H7 was recognized to be a human pathogen, scientists observed that stool samples from children with HUS 
symptoms contained a substance that was toxic to Vero (African green monkey) cells [1]. This Verotoxin which is also known by the name 
Shiga toxin or Shiga-like toxin was produced from the isolated E. coli O157: H7 which caused haemolytic uremic syndrome [2].

The Shiga toxin (Figure 1) is 70 kDa proteins composed of a single 32 kDa A-subunit that associates with 5 receptor-binding 7kDa 
B-subunits (each) to form a ring shaped Shiga toxin [3].

In vitro studies, Shiga toxin can damage cells after interaction with its cellular receptor glocotriosylceramide (GbOse-cer) [4] known 
by the name Gb3. This receptor (Figure 2) has been found in human kidney endothelial cells and in cultured endothelial cells [5].

The B-subunits of Shiga toxin are responsible for binding to the Gb3 receptor on endothelial cells. The bound Shiga toxin is endocy-
tosed inside the endothelial cell and transported to the trans-Golgi network where the enzyme Furine [6] is located. Furine is a calcium-
dependent serine endo-protease enzyme primarily located in the trans-Golgi networks [7]. Furine cleaves the A-subunit of Shiga toxin 
yielding A1 (27.5kDa) and A2 (4.5kDa) fragments [8]. The A1 fragment that has N-glycosidase enzymatic activity translocates to cytosol 
and inhibits protein synthesis. The specific N-glycosidase enzyme cleaves off a single adenine residue in position 4323 from the 5’ termi-
nus of 28S rRNA of the 60S ribosome subunit [9]. This cleavage inhibits binding of the elongation factor-1 (EF-1)/aminocyl-tRNA com-
plex to the ribosome, resulting in the inhibition of protein synthesis (Figure 3). It is widely assumed that inhibition of protein syntheses 
is an event that triggers apoptosis in kidney endothelial cells and consequently the development of haemolytic uremic syndrome [10] 
(HUS).

Figure 1:  The Shiga toxin (stx) is a 70kDa oligomer that consists of one A-subunit and five B-subunits. The A-subunit 
contains the catalytic domain, which is active when the A1-fragment is released upon cleavages by the intracellular 
protease furin. The B-subunit binds to endothelial cells surface globotriosylceramide receptors known as Gb3receptor.

History and mechanism of infection

Structure of Shiga-Toxin (Stx) from E. coli O175:H7 bacteria strain [36,37]
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Figure 2:  The B-subunit of Shiga toxin binds to endothelial cells via galactose-containing 
glycolipids known as the globotrisylceramide receptor, also known by the name Gb3 receptor.

Figure 3: The following are the five steps of the Shiga-toxin mechanism of action inside human endothelial cells: 1) Shi-
ga toxin (Stx) is internalized by endocytosis. 2) Shiga toxin undergoes retrograde transport to the trans-Golgi network 
(TGN). 3) Transported to the endoplasmic reticulum (ER). 4) In the endoplasmic reticulum (ER), Shiga toxin encounters 
its target, the ribosome andinactivates it. 5) As a consequence, Shiga toxin inhibits protein synthesis, causing cell death 
by apoptosis, thus, causing hemolytic uremic syndrome (HUS).

Chemical structure of Shiga-toxin (Stx)receptor [36] (Gb3)

Shiga-toxin (Stx) mechanism of action[37]

Haemolytic uremic syndrome symptoms
Haemolytic uremic syndrome (HUS) is characterized by acute renal failure, haemolytic anemia and thrombocytopenia. The symp-

toms start with abdominal cramps and mild non-bloody diarrhea that in some cases progresses to bloody diarrhea which is the symptom 
for hemorrhagic colitis (HC). Fever and vomiting may also occur [11]. The incubation period after eating food contaminated with E.coli 
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HUS patient require dialysis and the mortality rate is 3-5%. Antibiotics are not part of treatment and possibly increase the risk of 
subsequent haemolytic uremic syndrome symptoms. Scientists still do not know how the best treatment for this infection. Certain novel 
treatment strategies such as using anti-Verotoxin (anti-Shiga toxin) antibodies have been proposed.

Under cooked or raw hamburger (ground beef) has been the most common food associated with the outbreaks [13] that occurred 
in 1982, 1992 and 1993 in United States and affected more than 500 people [14]. The largest reported E. coli O157:H7 outbreaks, which 
caused thousands of illnesses, occurred in Japan in 1996 and 1997. These two outbreaks in Japan were associated with radish sprouts 
and alfalfa sprouts. Alfalfa sprouts were also implicated in a recent outbreak in the United States. Other foods that have been associ-
ated with E.coli O157:H7 outbreaks worldwide are unpasteurized fruit juice, cider, raw milk, dry-cured salami, lettuce, game meat and 
cheese curd [15].

Like other microorganisms the survival and growth of E. coli O157:H7 in foods are dependent on the interaction of various intrinsic 
and extrinsic factors such as temperature, PH, and water activity.

Temperature: E.coli O157:H7 grow at room temperature with optimum temperature at approximately 45°C (dependent on the strain) 
and the minimum temperature is approximately 8-10°C [19]. This lower temperature indicates that these pathogenic bacteria can 
survive and grow in refrigerated foods.

PH: The optimum PH of E.coli O157:H7 is in the range of 5.5-7.5. This optimum pH is similar to non pathogenic E.coli. Some strains 
of E.coli O157:H7 are acid tolerant and can survive for several weeks or months in a variety of acidic foods [20]. The survival in acidic 
foods is an important phenomenon, since several outbreaks have been associated with acidic foods and beverages such as fermented 
sausages, apple cider, and apple juice. 

In the United States this pathogen results in an estimated 2,100 hospitalization annually and patients developed HUS often require 
prolonged hospitalization, and long-term follow-up that is costly for both patients and Health insurance organizations.

The reservoir of this E.coli O157:H7 appears to be mainly cattle. In addition, other ruminants such as sheep, goats, and deer are 
considered significant reservoirs as well. Other animals (pigs, horses, rabbits, dogs, and cats) and birds (chickens and turkeys) have 
been occasionally found infected. Scientist still does not know how cattle, which are the main source of infection for humans, become 
infected. Cattle lack the Shiga toxin receptor (G3) and therefore, can be asymptomatic carriers or super-shedders of the bacterium. 
Super-shedders are defined as cattle exhibiting rectal-anal junction colonization with E.coli O157:H7 excreting >103to4 CFU per gram 
of faces and account for > 90 % of all E.coli O157:H7 excreted [18].

Since 1982 E.coli O157:H7 has been implicated in outbreaks worldwide and is the primary cause of haemolytic colitis and haemo-
lytic uremic syndrome in the United States, Canada, Great Britain, other regions in Europe, Japan , other regions of Asia and in other 
parts of the world [16].

Ingestion of a low infectious dose fewer than 10-100 CFU of E.coli O157:H7 in contaminated food, water or oral contact with con-
taminated surfaces is sufficient to cause infection. This infectious dose is very low compared to the infectious dose of over one-million 
CFU for other pathogenic E.coli strains. It has been suggested that E.coli O157:H7 strains in these out breaks may have enhanced acid 
tolerance [17]. 

O157:H7can range from 3-8 days. Most patients recover within 10 days, but in a small portion of patients particularly children and the 
elderly can develop haemolytic uremic syndrome that may lead to death. Individuals who experience bloody diarrhea or severe ab-
dominal cramps should seek medical care. Other HUS-associated complications may include seizures, coma, stroke, colonic perforation, 
pancreatitis, and hypertension. It is estimated that 15% of cases lead to early development of chronic kidney failure [12].

Source of infection and transmission

Physiological Properties of E. coli O157:H7
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Water Activity: Studies of the effect of water activities on the survival and growth of E.coli O157:H7 are focused on the effect of sodium 
chloride for preservation. E. coli O157: H7 behaves similarly to non pathogenic E.coli with a minimum water activity (aw) at 0.98 [21].

E.coli O157:H7 can be eradicated in processed foods by food preservation methods such as thermal kill, antimicrobial peptides, chemi-
cal preservatives and by other bio or physical preservation methods.

Since the detection of pathogenic E.coli is based on its virulence properties, detection methods in food products, fresh produce and 
water require isolation and identification of the target organism using standard procedures for enrichments and isolation [22] before 
testing for identification of the specific virulence traits.

Because food or water contaminated with E.coli O157:H7 can cause serious illness, it is critical to reduce this risk of contamination 
from farms, slaughterhouses, food manufacturers, and consumers handling.

Hazard Analysis and Critical Control Points (HACCP) is a management system in which food safety is addressed through the analysis 
and control of biological, chemical, and physical hazards from raw material production, procurement and handling, for manufacturing, 
distribution and consumption of the finished product. 

The food Industry is responsible for producing safe foods that meet federal standards under the Food and Drug Acts, Meat Inspection 
Acts and other related regulations [30] ( HCCP and GMP).

Identification methods require two methods of testing (presumptive and conformational tests). Both tests utilize microbial analyti-
cal methods such as biochemical, serotyping for O157 and H7 antigens and polymerase chain reaction [25] (PCR) for Shiga toxin 1 (stx1) 
and Shiga toxin 2 (stx2) genes to confirm the toxigenic potential of the isolated E.coli.

Some laboratories take advantage of the fact that E.coli O157:H7 does not have B-glucuronidase enzymatic activity by using broth or 
agar medium containing the substrate 4-methyl-umbellifery-B-D-glucuronide (MUG) [26]. When MUG is cleared by the B-glucuronides, 
a florescent product is produced that is detectable with long-wave ultraviolet light. E.coli O157:H7 that produce Shiga toxins lack the 
enzyme and are MUG negative. 

The secretion of the two Shiga toxins (STX1) and (STX2) by E.coli O157:H7 can also be utilized in cytotoxicity assays on Vero or Hela 
cells in the confirmation tests [27]. 

Also, there are commercially available ELISA kits [28], Gene probes and PCR assays [29] specific for Stx1 and Stx2 toxins, plus there 
are other trait markers also available for E.coli O157:H7 for confirmation tests.

E.coli O157:H7 is phenotypically distinct from other E. coli. It exhibits slowly or no sorbitol fermentation [23] and does not have B-
glucuronidase enzymatic activity. These two phenotypic traits are often used to isolate the pathogenic bacteria E. coli O157:H7. Sorbitol 
- MacConky (SMAC) agar was developed to take advantage of this characteristic by substituting the carbohydrate sorbitol for lactose 
in MacConky agar. SMAC agar is the medium of choice for isolation of E. coli O157:H7 [24]. The sorbitol negative colonies isolated from 
SMAC agar plates are the subject of additional identification methods.

Isolation and Identification of E.coli O157: H7

Contamination prevention with E.coli O157:H7

Hazard Analysis and Critical Control Points [31]

It is a system for the identification, evaluation and control of food safety hazards based on seven principles: 
a.     Conducting a hazard analysis. 
b.     Determining the critical control points (CCPs). 
c.     Establishing the critical limits. 
d.     Establishing monitoring procedures. 
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Good Manufacturing Practice (GMP) guidelines are an essential foundation for the development and implementation of successful 
HACCP plans. These guidelines provide guidance for manufacturing, testing, and quality assurance in order to assist in reducing the 
risk of food borne illness and to secure the production and distribution of safe food for human consumption. Many countries follow 
GMP procedures and have created their own GMP guidelines which corresponded to their legislation. 

Finally, food safety is a serious matter and both the HACCP Plan and GMP guidelines are the safeguards for manufacturing and 
distribution of safe and healthy foods to consumers. 

Escherichia coli are one of the bacteria from the family of Enterobacteriaceae usually found in the digestive system of both healthy 
humans and animals and are usually harmless to the host. It is a facultative anaerobe, gram negative (G-) bacterium.

The purpose of this review is to provide important aspects of the contamination of foods, meat products and fresh produce with 
Escherichia coli O157:H7. 

Good Manufacturing Practice [32]

e.     Establishing corrective actions. 
f.      Establishing verification procedures.
g.     Establishing record-keeping and documentation procedures. 

These seven principles of HACCP have been accepted by government agencies, trade associations and the food industry. Currently, 
food safety systems based on the HACCP principles have been successfully applied in food processing plants, retail food stores, and food 
service operations worldwide. 

Consumers can also implement HACCP-like practices in the home by following proper storage, handling, cooking and cleaning pro-
cedures, from the time of purchasing meat, poultry, and fresh produce (vegetables and fruits) to the time of serving a meal. There are 
many steps to be taken by the consumer to prevent bacterial growth and to ensure food safety. These steps for example are: properly 
refrigerating foods, thoroughly cooking meat and poultry, keeping raw meat and poultry separated from cooked foods and from fresh 
ready-to-eat foods.

All guidelines follow these basic principles: 
1.     Maintain a clean and hygienic manufacturing area.
2.     Control environmental conditions in order to prevent cross contamination of food products from other in-process foods.
3.     Develop manufacturing processes that are clearly defined and controlled. 
4.     Validate all critical control points (CCPs) to insure safety and constancy in compliance to the established specifications. 
5.     Control manufacturing processes, and evaluate and validate any changes in the processes.
6.     Write instructions and procedures clearly (Good Documentation Practice) and record process data during manufacturing.
7.     Minimize the risk of contamination during the distribution of products.
8.     Establish a system for quick recall of any unsafe product from sale or supply.

Summary

There are six groups of pathogenic E.coli which has emerged that causes enteric diseases including diarrhea. These six groups are 
classified based on their virulence factors. Four of these six groups have been implicated in food or water borne illnesses [33]. These 
four are: 
1)     Enterotoxigenic E. coli (ETEC) which commonly occurs in under-developed countries and is recognized as the causative agent of
         traveler diarrhea with little or no fever. 
2)     Enteropathogenic E.coli (EPEC) causes a profuse watery diarrhea and is the leading cause of infantile diarrhea in developing 
         countries.
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Enter hemorrhagic E.coli (EHEC) are typified by the secretion of two classes of verotoxins (1 and 2) which are also known by the 
name Shiga toxins (Stx-1) and (Stx-2). One of these EHEC prototypes is E. coli O157:H7, which is the most implicated in illness world-
wide. The infectious dose for E. coli O157: H7 is estimated to be 10-100 cells, mostly in foods but also water borne. It has been impli-
cated for causing fatal haemolytic uremic syndrome in humans after the ingestion of undercooked beef, raw milk, cold sandwiches, 
unpasteurized apple juice, unpasteurized milk, fruits, vegetables, and sprouts.

In the United States, the Center for Disease Control (CDC) has estimated that food borne E. coli O157:H7 infections cause 73,000 
illnesses, 2,200 hospitalization and 60 deaths annually [34].

It is estimated the average annual cost from this food borne illness is 405 million dollars, including lost productivity, medical care, 
and premature death [35].

It is clear that microbiologists, molecular biologists and food scientists have made great research efforts in the understanding, 
detection and prevention of E. coli O157:H7 and related EHEC in food. Their efforts are integrated as part of food safety programs that 
have assisted in minimizing the impact of this immerging food borne pathogen threat to human health. However, large outbreaks and 
sporadic cases continue to occur.

3)     Enteroinvasive E.coli (EIEC) is closely related to the bacteria Schigella that infect only humansand cause an invasive dysenteric 
         form of diarrhea. 
4)     Enterohemorrhagic E.coli (EHEC) causes bloody diarrhea hemorrhagic colitis [11] (HC), which can progress to potentially fatal 
         haemolytic uremic syndrome (HUS). 
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