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Abstract 
Food-borne pathogens cause serious health threats 

to consumers globally. The consumption of 

contaminated and undercooked meat products 

obtained from livestock and poultry are the major 

sources of its transmission. The E. coli O157:H7 is 

transmitted to meat and its products through poor 

sanitary environment, improper and unhygienic 

slaughtering processing and use of contaminated 

equipment. As a result, outbursts of E. coli O157:H7 

have been observed in various regions of the world. 

This review highlights factors involved in the 

transmission of E. coli O157:H7, its clinical 

manifestation, associated health hazards and control 

measures like cold plasma treatment, high-pressure 

processing and electrolyzed water treatment must be 

followed for outbreaks prevention.  
Keywords: Food born pathogen, Meat sources, Clinical 

manifestation, Control measures. 
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1. INTRODUCTION  
Food-borne pathogens cause food spoilage and 

foodborne diseases. Consumption of 

contaminated foods of animal origin results in 

food-borne infections. The occurrence of these 

diseases and of intoxication have been 

increasing because of changing lifestyles and 

the commercial production of foodstuffs 

(Rawat, 2015). These food-borne infections 

have a greater influence on the health of humans 

worldwide. About 600 million people annually 

suffer from the consumption of food 

contaminated with pathogens i.e., E.coli, 

Shigella spp., Salmonella spp. and 

campylobacter spp. (Odeyemi et al.2020). The 

World Health Organization report showed that 

in developed countries 30% people get affected 

while in developing countries 2 million people 

die annually due to foodborne diseases. 

Pervasiveness of E. coli O157:H7 revealed to be 

15.3% in under-five years old children in a 

study conducted in Eastern Ethiopia. 

Escherichia coli is a gram negative, facultative 

anaerobic bacteria belongs to 

Enterobacteriaceae family, found in the 

gastrointestinal tract of humans as wells as 

animals but does not cause serious diseases. 

Most of the strains are non-dangerous while 

there are some pathogenic strains including 

O103:H2. O104:H4, O157:H7 and O111 which 

cause severe gastrointestinal and urinary tract 

problems. E. coli is categorized into different 

serotypes following somatic “H” (flagellar) 

antigens, “O” (lipopolysaccharide) antigens and 

“K” (capsular) antigens (Guevara et al. 2019). 

The virulent groups of E.coli includes 

enteroaggregative E. coli, enterohemorrhagic E. 
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coli, enter-invasive E. coli, enteropathogenic E. 

coli and enterotoxigenic E. coli. Depending 

upon the serotypes, pathogenic or diarrheagenic 

E. coli causes diseases including respiratory and 

intestinal diseases (Raeispur & Ranjbar, 2018). 

Among the pathogenic E. coli strains, O157:H7 

is categorized as a prominent and lethal food-

borne pathogen. Diseases caused by this strain 

of E. coli range from watery/bloody diarrhea to 

lethal conditions such as hemorrhagic colitis, 

hemolytic uremic syndrome (HUS) and 

thrombotic thrombocytopenic purpura. E. coli 

O157:H7 has been emerging as an important 

foodborne pathogen in humans responsible for 

outbreaks all over the world (Disassa et al., 

2017) including Asia, Europe, Canada, different 

countries of Africa. In the United States, about 

74,000 E. coli cases and 61 deaths are reported 

each year.  

Since the first outbreak of E. coli O157:H7 in 

Oregon and Michigan in 1982 till today, many 

advanced and strict measures are adopted for 

preventing its transmission and adverse effects 

on human health. Despite all these control 

measures, there are still cases of its infections, 

particularly, in developing countries. It is 

mainly because of least studies carried out in 

such countries on E. coli O157:H7, its spreads 

and virulence. The data of cases surfaced is left 

undocumented. That is why, it is need of time to 

review this crucial topic to highlight the 

transmission factors of E. coli O157:H7, its 

consequences and non-thermal control measures 

with purpose of bringing about awareness in 

public. 

2. Sources of E. coli O157:H7 

2.1 Livestock  

Food containing E. coli O157:H7 is deemed 

unfit for the consumption by humans and it 

leads to the refusal of products and alarming 

food safety. Meat is recognized as a rich source 

of protein, vitamins and minerals (nutrient dense 

food). Globally, meat consumption has 

increased in last decades. According to the 

statistic, 656 million turkeys, 574 million sheep, 

479 million goats, 302 million cattle and 69 

billion chickens were slaughtered for human 

consumption. In 2018, consumption of ground 

beef was associated with cases of E. coli 

infections. Occurrence of foodborne infections 

is because of consuming contaminated meat. 

Data given by WHO subregions on the global 

incidence of E. coli O157:H7 showed 2.8 

million cases per year (Salen and Wasey, 2021.  

Studies carried out in Turkey reveal that the 

percentage of E. coli O157:H7 was high in 

chicken (31.25%) and meat (19%) while low in 

vegetables (18%). One of the major natural 

reservoirs of E. coli O157:H7 is cattle (Abdissa 

et al., 2017; Abreham et al., 2019) followed by 

improper cooked beef and spoiled ground beef. 

However, it has been observed that sheep and 

goat meat are prime sources of E. coli O157:H7, 

thus causing diseases in humans. Cattle meat 

such as cows and buffaloes contained 

pathogenic strain of E. coli via various factors 

including fecal to carcass or skin to carcass 

contamination, improper storage and 

distribution practices. In arid and semi-arid 

regions, where camel meat is consumed widely, 

an analysis was performed to track the presence 

of E. coli O157:H7 and it was found in two 

isolates.  

Today, chicken meat as a source of pathogenic 

E. coli is one of the prevalent foods consumed 

by the people. According to studies, E. coli 

isolates from poultry and livestock samples had 

antimicrobial resistance. Duck had the highest 

rate of methicillin drug resistance (MDR), 

followed by chicken and cow.. Thus, the rates of 

E. coli were considerably higher in chicken and 

duck than in cows. Collectively, it has been 

observed that chicken meat is the predominant 

reservoir of pathogenic E. coli O157:H7 that 

causes harmful effects on human health. E. coli 

microflora resides in the intestine of broiler 

chicken, causes fatal diseases and leads to the 

major losses in poultry farms all over the world. 

E. coli of poultry origin can cause extra 

intestinal infections in humans (Mitchell et al., 

2015) and has critical significance in public 

health care, sanitation and hygiene. Study 

carried out in India showed commercial broiler 

chicken involved in the channeling of E. coli 

different strains into the environment. E. coli 

exists in processed unhygienic foods made of 

chicken meat and beef. Some studies also 

revealed that other poultry birds such as ducks 

carrying E. coli O157:H7 strains. 

Turkeys (Meleagris gallopavo) involve in the 

transference of E .coli O157:H7 causing  
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infections in human beings after consumption. 

Turkey farming is a profitable business, more 

adaptable and less susceptible to diseases than 

other poultry birds. In the countryside, poultry 

farming including broilers, layers and turkeys 

(van Duin and Paterson, 2016), is an additional 

source of earnings. When they are 

accommodated altogether then it leads to the 

Table 1. E. coli O157:H7 isolates in meat and poultry 

Sources  Factors Involved in Transmission  Clinical Manifestations References 

Raw chicken 

meat 

Unhygienic production and processing, consumption 

of contaminated chicken meat. 

Gastroenteritis (Afify et al. 2020) 

Raw chicken 

meat 

Environmental contamination, unhygienic hand ling 

of meat. 

__ (Aklilu and Raman, 

2020) 

Broiler chicks Infected chicks. Colibacillosis (i.e., weakness, 

anorexia, off food and diarrhea. 

(Kadhum, 2020) 

Broiler chicken Farm fecal contamination of the eggshell, poor 

hygienic practices at farm. 

Intestinal and extra-intestinal 

disease conditions. 

(EL-Sawah et al. 

2018) 

Broiler chicken Poor personal hygiene of sellers and dirty market 

environments. 

Watery diarrhea, vomiting. (Amalia et al. 2020) 

Live chicken Poor housing conditions. Kidney failure. (Ningrum et al. 

2020) 

Ground 

chicken meat 

__ Inflammatory bowel disease, 

urinary tract infections and 

meningitis. 

(Xu et al. 2019) 

Poultry meat Consumption of raw or undercooked chicken, turkey 

and duck meat. 

Diarrhea, TTP, HC and HUS. (Aondover et al. 

2019) 

Poultry meat Consumption of contaminated meat. Diarrhea, TTP, HC and HUS. (Buharshak et al. 

2019) 

Turkeys 

(Meleagris 

gallopavo) 

Contaminated by fecal materials. Urinary tract infections, 

abdominal sepsis, meningitis and 

colibacillosis. 

(Tawyabur et al. 

2020) 

Chicken, meat 

and other food 

products 

Improper food processing, improper hygienic 

measures at household level. 

Diarrhea, HC and HUS. (Lennox et al. 2020) 

Chicken and 

meat 

Contaminated transportation vehicles, poor sanitary 

environment during slaughtering, transportation, 

usage and hand ling, food contaminated by animal 

fecal materials. Consumption of contaminated and 

undercooked ground meat. 

HUS and renal failure. (Albarri et al. 2017) 

Chicken and 

beef 

Unhygienic production and processing practices. Colibacillosis (M. A. Rahman et al. 

2017) 

Chicken and 

mutton 

Hand ling, harvesting and processing equipment and 

transportation. Consumption of microbial 

contaminated food. 

Gastroenteritis (i.e., nausea, 

vomiting and diarrhea) 

(Hemalata and 

Virupakshaiah, 

2016) 

Cattle Unhygienic slaughtering practices. Contaminated 

meat products. 

HC and HUS. (Al-Ajmi et al. 2020) 

Sheep and goat Slaughtering operations, direct contact of workers 

with contaminated materials i.e., fecal material, 

knives, etc. Raw or undercooked minced meat. 

HC, HUS and TTP. (Abreham et al. 

2019) 

Meat __ Bloody diarrhea (i.e., HC, HUS 

and TTP. 

(Malvano et al. 

2018) 

Raw meat and 

fish 

Contaminated by fecal materials. Consumption of 

contaminated meat. 

Food poisoning (Ayodele et al. 2020) 

Beef Consumption of contaminated and undercooked beef __ (Lien et al. 2020) 

Beef meat Improper hand ling and processing. Unhygienic 

environment. 

HUS, urinary tract infection, 

neonatal meningitis, respiratory 

illnesses and intestinal diseases. 

(Samad et al. 2018) 

Beef cattle Poor sanitation at processing plants. Contaminated 

during slaughtering and dressing processes. 

Diarrhea (Abdissa et al. 2017) 

Bovine 

animals (cow, 

sheep and 

goat) 

Unhygienic slaughter practices, long distanced food 

supply transportations. Raw or undercooked meat 

Gastroenteritis (Haile et al. 2017)  

Beef, mutton 

and chicken 

Unhygienic slaughtering practices, poor personal 

hygiene, contaminated equipment. Consumption of 

contaminated raw beef and meat. 

HC, HUS and TTP. (Assefa and Bihon, 

2018) 

Ground lean 

camel meat 

Direct contact with animals. Contaminated 

slaughtering tools and Ingestion of contaminated 

meat. 

Diarrhea, HC and HUS. (Osaili et al. 2020) 

HC: Hemorrhagic colitis; HUS: Hemolytic uremic syndrome; TTP: Thrombotic thrombocytopenic 

purpura. 
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Figure 1. Routes of transmission of E.coli through different sources in humans. 

transmission of E. coli in turkeys. Presence of E. 

coli in conventionally grown turkey and chicken 

is higher than those which are grown 

organically. 

2.2 Factors involved in the transmission of E. 

coli O157:H7   

Prevalence of E. coli O157:H7 in chicken meat 

and beef is greater because of unsanitary 

production and processing. Isolates of E. coli 

were obtained from raw chicken samples traced 

the involvement of intestinal contents 

contamination while hand ling chicken meat. 

Certainly, improper hand ling and processing 

cause health risks. Contamination through soil, 

processing equipment and use of contaminated 

water during hand ling of meat and animal 

carcasses, are one of the major sources of 

transmission of E. coli in chicken meat. 

Occasionally, knives and the cutter tables used 

for slaughtering and slicing meat are not 

sterilized and it leads to the contamination of 

the meat. 

In poultry and livestock, negligence in hygiene 

during slaughtering, transportation and trading 

of meat directed contamination of E. coli. Small 

ruminants are one of the sources of human 

infection via fecal shedding. Occurrence of 

transmission of pathogenic E. coli O157:H7 

from skin to carcass or fecal to carcass during 

slaughtering and processing operations of beef 

has been observed at retail markets. 

Figure 1 mentioned factors that are involved in 

the transmission of E. coli O157:H7 to humans, 

pose serious public health risks and cause life-

threatening diseases in human beings. 

Transmission of microorganisms between 

humans and animals is facilitated by interaction 

with contaminated animals and environment 

either directly or indirectly. Pathogenic strains 

of the E. coli such as serotype O157:H7 causes 

infections, mainly transmitted by consuming 

contaminated foodstuffs. Raw and undercooked 

meat consumption commonly transmit E. coli 

O157:H7 to humans. Because of consuming 

contaminated ground beef, multistate outbreak 

of Shiga toxin producing E. coli O157:H7 

infected 11 people from five states of USA, out 

of which 11 people were hospitalized, one 

person suffered with Hemolytic Uremic 

Syndrome (Center for Disease Control and 

Preventions, 2016. In another outbreak, 1 death 

and 6 hospitalizations were recorded in some 

regions of USA. In many recorded human cases, 

cattle and sheep were stated as the main sources 

of the transmission of E. coli.  

2.3 Poor Sanitary Environment  

Poor sanitation and unhygienic conditions or 

measures at household level where the animals 

are kept before slaughtering, are sources of 

transmission of various microorganisms (i.e., 

bacteria, viruses, etc. (Underthun et al. 2018). 

Some pathogenic groups of E. coli O157:H7 are 

also transmitted through such unhygienic 

environment like contamination occurs through 

fecal material of the animals (Peterson & 

Hubbart, 2020). The sanitary conditions 

improvement in making the water clean for the 

poultry and other animals used for meat can 

help prevent the E. coli transmission moreover 

these measures would be beneficial for healthy 
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growth of meat producing animals (Nurliyana et 

al. 2018). 

 

Figure 2.    Risk  factors of E. coli transmission 

to people through various sources 

2.4 Improper slaughtering, processing, hand 

ling, transportation and storage practices 
Poor personal hygiene of the persons who are 

handling meat at different stages of meat 

processing, from slaughtering to transportation, 

plays central role in the transmission of E. coli 

O157:H7 to meat and its by-products. Improper 

processing practices, handling of meat at 

poorlypoor transportation system, improper and 

poor hygienic storage practices are major factors 

involved in transmission of E. coli to beef, 

mutton and chicken meat (Worku et al. 2022).  

2.5 Use of unsterilized or contaminated 

processing equipment 

Introduction of fecal and hide contaminated 

equipment used for slaughtering and meat 

processing can ultimately cause contamination 

of the meat. The traces of microorganisms left 

behind as a result of improper sterilization 

contaminate the meat and meat products. 

Improper sterilization can always cause cross 

contamination of the meat and therefore it is 

necessary to sterilize each and every instrument 

or utensil used for slaughtering and processing 

of meat to be free of pathogenic cross 

contamination (Sebsibe & Asfaw, 2020).  

2.6 Undercooked chicken meat, beef and 

mutton  

According to the studies carried out in Riyadh 

showed that the prevalence of E. coli is low at 

high temperature. Cooking meat at temperature 

ranging from 70 to 75 o C leads to the 

denaturation of E. coli (El Ghareeb et al. 2020). 

People ignorance in consuming undercooked 

meat leads to serious health concerns. Public 

awareness among masses to cook the meat 

properly at the required temperature is very 

important and thus a reduction in many 

microbes including E. coli and therefore it is 

very necessary to make the meat safer for 

human consumption by just improving the 

processing conditions (Ma, Glassman & Chui, 

2020). 

Figure 3. Clinical symptoms of E. coli in humans 
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2.7 Clinical Manifestations/Health Hazards 

E. coli infections range from asymptomatic to 

severe i.e., hemorrhagic colitis, hemolytic 

uremic syndrome (Alkeskas et al., 2015; Ameer 

et al., 2020; Beauvais et al., 2018; Lavrek et al., 

2018; Moxley et al., 2020; Tarr et al., 2019) 

which led to renal failure and death (Mohawk et 

al., 2010), bloody diarrhea (Ameer et al., 2020; 

Byrne et al., 2015; Byrne et al., 2018), also 

cause wide-ranging gastrointestinal symptoms 

including mild gastroenteritis, abdominal pain 

and vomiting (Alkeskas et al., 2015; Byrne et 

al., 2015), urinary tract infection (UTI) (Lavrek 

et al., 2018; Moxley et al., 2020), hospital-

acquired pneumonia (HAP), sepsis, surgical site 

infection (SSI), meningitis and inflammation of 

the meninges. It causes infections in cattle 

which is considered as the principal reservoir 

and major factor of transmission of E. coli 

O157:H7 in humans. Figure 3 described the 

early and later symptoms appear in humans 

caused as a result of E. coli O157:H7 infection. 

In 2015, an outbreak of gastrointestinal 

infection in 47 persons was reported that was 

associated with intake of contaminated 

prepackaged salad leaves (Mikhail et al., 2018) 

while, 800 cases as a consequence of E. coli 

O157:H7 infections are usually reported in Engl 

and each year. It was estimated by the Centers 

for Disease Control and Prevention (2018) that 

over 63,000 ailments that results more than 

2100 hospitalizations and fatalities in U.S.A. 

Consequently, the medical expenses and 

fatalities result in economic loss of almost $405 

million annually. 

Some following common clinical manifestations 

have observed: 

 

2.8.1 Hemorrhagic Colitis (HC)  

Hemorrhagic colitis (HC) is infection of the 

large intestine; if left untreated, may lead to 

Hemolytic Uremic Syndrome (HUS. 

Escherichia coli O157:H7 can cause HC in 

humans. It occurs when Shiga toxin-producing 

E. coli O157:H7 infects large intestine causing 

bloody diarrhea. HC symptoms include severe 

abdominal cramps, bloody stool and mild or no 

fever. 

2.8.2 Hemorrhagic Uremic Syndrome (HUS) 

HUS is critical condition in which blood and 

blood vessels are affected. One of the major 

reasons for HUS is infection caused by E. coli 

O157:H7 (Samad et al., 2018; Abreham et al., 

2019; Aondover et al., 2019; Buharshak et al., 

2019; Lennox et al., 2020; Osaili et al., 2020) in 

humans, depicted by hemolytic anemia, renal 

injury and thrombocytopenia. HUS condition 

develops when toxins penetrate the intestine, 

reach blood and damage small blood vessels. 

There is destruction of platelets which can clog 

the glomerulus, damaging red blood cells, 

thereby affecting the kidney’s functioning and 

may lead to renal failure. HUS is usually 

observed in very old and very young people. 

Early symptoms of HUS include gastroenteritis, 

kidney failure and anemia. In UK, the first 

outbreak of HUS in kids was reported in 1980. 

Higher number of cases among the children less 

than 5 years old suffers from infections i.e., 

hemolytic uremic syndrome as a result of E. coli 

O157:H7 are reported. HUS almost leads to 1–

5% cases of deaths. 

2.8.3 Thrombotic Thrombocytopenic 

Purpura (TTP)  

A severe disorder in which blood vessels are 

blocked with blood clots. If they are left 

unchecked, they can hinder the blood flow 

towards major organs. Studies showed that 

thrombotic thrombocytopenic purpura can be 

caused by the consumption of contaminated 

meat with E. coli O157:H7. This life-

threatening disease is characterized by the 

formation of blood clots or red dots under the 

skin, purplish purpura on skin, fatigue, fever 

and jaundice. Young women are more 

susceptible to this disease. 

2.8.4 Urinary tract infection (UTI)  

Urinary tract infection (UTI) involves the 

infection of any section of urinary system, it can 

be cystitis, pyelonephritis, or urethritis. 

According to the studies, E. coli O157:H7 cause 

urinary tract infection in humans when bacteria 

gain access to the urinary tract via the stool 

excretory route. Prevalence of UTI among the 

pregnant women vary from 5 to 10% and its 

symptoms include burning sensation while 

urinating, fever or chill, pain in back and blood 

in urine. 

2.8.5 Non-Thermal Decontamination 

Techniques  

For preserving food and keeping it free from 

pathogens, novel decontamination techniques 

have been introduced to meet the consumer’s 
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needs for better food quality. These techniques 

are made effective against killing 

microorganisms and keeping the food quality 

intact, not bringing any alterations in its 

nutritional value. Following are mentioned 

some techniques used in non-thermal 

decontamination of E. coli O157:H7. 

2.8.6 Cold Plasma Inactivation 

Cold plasma inactivation is an emerging non-

thermal food processing technology directed at 

inactivating microbes present on food (meat, 

poultry, fruit, vegetables) using reactive gases 

like helium, nitrogen, or oxygen. Cold plasma 

comprises highly energetic species including 

free radicals, positive/negative ions, excited or 

non-excited molecules and all these molecules 

work synergistically in inactivating the 

contaminating microbes. Atmospheric dielectric 

discharge cold plasma treatment was tested on 

chicken breast for checking E. coli O157:H7 

decontamination efficacy which was found to be 

reduced by 0.7 log CFU/cube. Hydroxyl radical 

(∙OH), hydrogen peroxide (H2O2), reactive 

oxygen species (ROS), peroxyl (ROO∙), 

peroxynitrite (ONOOˉ), singlet oxygen (1O2) 

UV photons and electrons produced as a result 

of cold plasma treatments, which react with the 

peptidoglycan and lipopolysaccharide present in 

the cell wall of E. coli O157:H7, breaking C-C, 

C-N, C-O chemical bonds, disintegrating cell 

membrane and disrupting the intracellular 

substances upon entering the cytoplasm, thus 

ultimately inactivate the bacteria. 

2.8.7 High-Pressure Processing (HPP) 

It is a non-thermal treatment based on principle 

of using high-pressure ranges from 400 to 600 

MPa with its effect on lethal foodborne 

microbes like Salmonella, E. coli O157:H7 

present in food. It has benefited over cold 

plasma treatment as it does not break the 

covalent bonds, thus retaining the food quality 

and shunning off the use of any food 

preservative. To avoid the damaging effects of 

high pressure on food chemistry, this treatment 

is often combined with natural antimicrobial 

agents like citral having bactericidal activity 

present in fruit and leaves of various plants. 

This bactericidal potency against E. coli 

O157:H7 enhances the membrane permeability, 

thereby altering the bacterial cell’s morphology 

leading to its inactivation. Ground beef samples 

were treated under pressure of 300 MPa, 1% 

citral, for 15 min and 2.40 log CFU/g initial 

number of E. coli O157:H7 cells, resulting in 

0.40 log CFU/g number of surviving cells. 

Another study was conducted on chicken meat 

using the same HPP treatment (350 MPa for 20 

min) along with trans-cinnamaldehyde as an 

antimicrobial agent (0.3%. The number of E. 

coli O157:H7 cells were reduced to 0.08 log 

CFU/g from 4.08 log CFU/g.  

2.8.8 Electrolyzed Water (EW) 

EW is electrically generated hypochlorous acid 

is among the safe and suitable agents. The acid 

has strong antimicrobial property, cause the 

oxidation of bacterial membrane complexes and 

disturbs the inner cell’s electrical discharge and 

energy production mechanism. This treatment 

gives good bactericidal results on poultry 

carcasses, eggshells and vegetables against E. 

coli O157:H7, Salmonella Enteritidis, 

Salmonella Typhimurium and L. 

monocytogenes. The effectiveness of 

preliminary agent of electrolyzed water i.e., free 

available chlorine was checked (Veasey and 

Muriana, 2016) at 250 ppm against E. coli 

O157:H7 which induced greater than 6 log 

CFU/g reductions. 
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