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INTRODUCTION 
 
Food microbiology deals with beneficial and harmful 
microorganisms affecting the safety and quality of raw 
and processed meat, milk, poultry, and egg products. 
Food contamination results in 600 million cases of 
foodborne diseases every year, with around 0.75% of the 
global annual death are due to such diseases (Milani 
2013). In general terms, food microbiology is related to 
studying microorganisms that contaminate, modify, 
process, and spoil food products. These include 
fermentative, probiotics, as well as pathogenic bacteria, 
like Salmonella species, Campylobacter jejuni, Shigella 
spp., Vibrio spp., Escherichia coli, Staphylococcus aureus, 
Listeria monocytogenes, Clostridium perfringens, 
Clostridium botulinum and viruses, such as Norwalk and 
Hepatitis A. Fungi, like Aspergillus spp., Penicillium spp., 
and Fusarium spp., are associated with mycotoxins 
production in foods. Bacteria account for about 66% of 
foodborne diseases, while chemicals cause 26% of the 
illnesses. Each of the viruses and parasites is responsible 
for about 4% of foodborne diseases (Desta and Addis 
2015). Many microorganisms produce different diseases 

inside or outside the human body (Bintsis 2017), with 
most pathogens cause zoonotic diseases (Ejo et al. 2016). 
Food products are susceptible to contamination at 
different stages of processing, including production, 
handling, distribution, preparation, transportation, and 
human consumption (Hemalata and Virupakshaiah 2016). 
However, food contamination depends mainly on the 
food handler’s health status, hygiene, knowledge, and 
food hygiene practice (Aklilu et al. 2015). In food 
microbiology, specific terms describe different conditions, 
mostly related to the pathogen that contaminates food 
products. Examples are foodborne illness, food poisoning, 
and food intoxication; each is related to pathogen growth 
inside the food products (Abebe et al. 2020). 
 
Factors affecting growth of microorganisms inside 
foods 
 
Microorganisms mostly require a suitable environment 
for growth inside or outside food products, whether 
bacteria, virus, fungi, or parasites. Many factors, which 
may affect microbial growth in meat, eggs, poultry and 
dairy products, are classified as intrinsic or extrinsic 
factors (Rolfe and Daryaei 2020). 

Intrinsic factors 
 
pH 
 
Most microorganisms grow at an incubation pH range of 
6.7 and 9.0 and hence, food products are stored under 
alkaline (pH~9) or low acidic (pH~6) conditions (Kim et al. 
2019). Food pH levels can significantly affect growth of 
microorganisms and many bacteria grow at environmental 
pH from 4.5 to 9.0. Most yeasts and molds can grow in 
acidic and alkaline environments, a pH range from 2.0 to 
10.0, but the minimal optimum environment for growth of 
most microorganisms needs to have a neutral 
environment, and a small number of them can grow at a 
pH lower than 4.0. Bacteria are more fastidious about 
nutrition or culture requirements than fungi. That is why 
bacteria, especially pathogenic, are more susceptible to pH 
alterations than yeasts or molds (Rolfe and Daryaei 2020). 
The pH range of meat after slaughtering of the animal is 
nearly acidic (4.0–5.6) due to elevated lactic acid levels 
from glycogen, indicating that meat products are more 
susceptible to bacterial spoilage contamination than mold 
and yeast (Ray and Bhunia 2007). 
 
Water activity or moister content 
 
The water content of any food product has a tremendous 
role in the deterioration of its quality, shelf life and 
preservation, which is a critical point in industrial food 
processing. Drying (dehydration) or desiccation is one of 
the oldest food preservation methods, removing water or 
preventing moisture binding to prevent pathogen growth. 
The water requirement for the growth of a microorganism 
is known as water activity (aW). Without water, most 
microorganisms cannot grow inside food products. Other 
methods that are now being used are heating, freeze-
drying, and the addition of salt and sugar (Rolfe and 
Daryaei 2020). The aW of pure water is 1.0, but most 
foodborne pathogenic bacteria require aW between 0.75 
and 1.0. Molds grow slowly at 0.62 aW, but bacteria 
require aW of about 0.86, except for toxin-producing 
species such as Clostridium and Staphylococcus aureus 
(Iulietto et al. 2015). 
 
Redox potential 
 
The redox potency of a substrate evaluates its power to 

receive or give electrons. A compound that donates an 
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electron is oxidized. Microorganisms exhibit various 

levels of sensitivity to the redox potential of their growth 

environment. Aerobic microorganisms need a more 

oxidative environment (more oxygen), but aerobic 

microorganisms require a more reduction environment 

(lack of oxygen) (Lb et al. 2007). Many other intrinsic 

factors may alter microbial contamination of food 

products like nutrient contents, antimicrobial 

constituents and biological structures of food particles. 

 

Extrinsic factors 

 

Temperature 

 

Storage temperature is an important factor that can affect 

or control bacterial growth. Microorganisms, either 

individually or as a group, can grow at different 

temperature ranges. So, it is essential to know the growth 

temperature range of microorganisms that aids in 

choosing the right temperature for product storage. This 

control is essential to improve the shelf-life and 

nutritional value of food products (Preetha and 

Narayanan 2020). 

 

Presence/concentration of gases 

 

Gas concentration inside the food products, especially 

oxygen (O2), carbon dioxide (CO2), and ozone (O3) levels, 

mostly control the growth of microorganisms in food 

(Preetha and Narayanan 2020). Levels of these gases 

regulate the growth of aerobic and anaerobic bacteria; 

aerobic microorganisms require higher oxygen levels, 

while anaerobic bacteria prefer a low quantity of oxygen 

for their growth (Pellissery et al. 2020).  

 

Relative humidity 

 

The relative humidity of the storage environment is 

essential from the viewpoint of aW within foods and 

growth of microorganisms. Also, the microbial contents 

of food play a vital role in its shelf-life (Esbelin et al. 

2018). 

 

Foodborne Pathogens 

 

Most foodborne diseases result from the administration 

of food or water polluted with microorganisms or their 

metabolic products. Bacteria are considered important 

causes of foodborne disease outbreaks all over the world. 

Viruses causing foodborne diseases are Norovirus and 

Hepatovirus. Fungal species, including Aspergillus spp., 

Penicillium spp., and Fusarium spp., are associated with 

foodborne illnesses through production of mycotoxins. 

Also, protozoa, such as Toxoplasma gondii, 

Cryptosporidium spp, Cyclospora cayetanensis, 

Cystoisospora belli, Sarcocystis spp., Giardia spp., and 

Entamoeba histolytica, are associated with foodborne 

diseases (Bintsis 2017; Gourama 2020). 

Foodborne Bacteria 
 
Gram-positive bacterial pathogens responsible for 
foodborne diseases include Staphylococcus aureus, 
Clostridium botulinum, C. perfringens, Bacillus cereus, and 
Listeria monocytogenes. These bacteria, except L. 
monocytogenes and C. perfringens, are capable of living 
on food and liberate toxins, causing food poisoning once 
consumed. Clostridium botulinum, C. perfringens, and B. 
cereus produce spores, enabling them to resist heat and 
other untoward conditions. Foodborne disease-causing 
Gram-negative bacteria include Salmonella spp., 
Campylobacter spp., pathogenic Escherichia coli, Shigella 
spp., Yersinia enterocolitica, and Vibrio spp. (Table 1). 
Every bacterial species has specific nutritional, 
temperature, and humidity requirements (Ag et al. 2020). 
 
Gram-positive Foodborne Pathogens 
 
Staphylococcus aureus 
 
Staphylococcus aureus is a facultatively anaerobic Gram-
positive species of the family Micrococcaceae, which 
comprises several subspecies (Abraha et al. 2018; Abebe et 
al. 2020). S. aureus is the most frequent causative agent of 
foodborne diseases worldwide with a high incidence, 
second to salmonellosis (Abebe et al. 2020). It is present 
on the skin surface, nose, and mucous membranes of 
healthy animals and humans (Abebe et al. 2020). During 
food preparation and processing, S. aureus can 
contaminate food products and grow at a wide pH range 
(4.2–9.3; optimum 7.0–7.5), temperatures (7.0–48.5°C; 
optimum 30.0–37.0°C), and up to 15% NaCl (Kadariya et 
al. 2014). Also, it can cause many infections and 
foodborne illnesses (Wang et al. 2017). These bacteria are 
critical in the food industry causing food intoxication, 
food poisoning, and food spoilage, mainly due to 
staphylococcal enterotoxin (2020). S. aureus survives for a 
long time in foods, particularly those that need handling 
during processing and fermented foods such as cheese 
(Addis 2015). 
 
Transmission 
 
The primary source of transmission of S. aureus is 
through contaminated food during handling, processing, 
preparation, wrapping, mincing, and storage of animal-
based products (Wang et al. 2017). S. aureus also 
contaminates poultry, pork, seafood, and bakery 
products, mainly infected with enterotoxigenic strains  
(Karimi et al. 2019), raw meat, milk, pork, and moist food 
comprising starch and proteins (Wu et al. 2016).  
 
Pathogenesis 
 
Staphylococcus aureus possesses different virulence 
factors that enhance its attachment to the extracellular 
matrix components, damage host cells, and fight the 
immune system (Fluit 2012). It also produces extracellular 
active substances, such as coagulase, protease, hemolysins,
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Table 1: Common pathogenic bacteria associated with foodborne illnesses 

Pathogens  Pathogen characteristics and its toxin  Commonly associated foods 

Bacillus cereus Gram-positive bacilli, spore-forming, aerobic 
Cereulide toxin (emetic syndrome, emetic toxin) 
Production of toxin in the small bowel (diarrheic syndrome) 

Rice and grain-based foods 
Meats, milk, pasta, desserts, cakes, sauces 

Campylobacter 
spp. 

Gram-negative, microaerophilic, and catalase-oxidase positive 
Invasion of intestinal cells 

Raw meat and poultry, under-pasteurized milk, 
contaminated water 

Clostridium 
botulinum 

Gram-positive bacilli, spore-forming, anaerobic 
Botulinum neurotoxin 

Home-tinned vegetables and meats, honey, milk 
products, fish, fermented seafood 

C. perfringens  Gram-positive bacilli, spore-forming, anaerobic 
Clostridium enterotoxin 

Meat products  

E. coli 
(pathogenic) 

Specific E. coli serotypes, such as O157:H7, produce Shiga toxins 
which may cause serious infections. Toxin production (EPEC, 
EIEC, EAggEC, ETEC, EHEC, and DAEC) 

Meat products, raw or underpasteurized milk and 
juices, leafy vegetables, fish, contaminated water 

Listeria 
monocytogenes 

Intestinal epithelial cell invasion and dissemination to other 
tissues and organs 

Raw vegetables and salads, cheeses, raw or under-
pasteurized milk, deli beef, chicken, smoked fish 

Salmonella 
spp. 

Gram-negative bacilli, Intestinal cell invasion causing 
gastroenteritis, Typhoid fever (typhi and paratyphi serovars) 

Eggs, meats, dairy products, fruits, spices, melons, 
raw/untreated tree nuts 

Shigella spp. Intestinal cells invasion and toxin production Shellfish, crustaceans, fruits, vegetables 
Staphylococcus 
aureus 

Gram-positive cocci 
Staphylococcal enterotoxins 

Milk and dairy products, egg and meat products, 
salads such as tuna, chicken, potato, and 
macaroni, cream-filled pastries, confectionaries 

Vibrio species Gram-negative, non-spore-forming, curved, rod-shaped 
Vibrio cholerae: Cholera toxin 
Vibrio parahaemolyticus: production of adhesins and cytotoxins 
Vibrio vulnificus: production of adhesins and cytotoxins 

Contaminated water, vegetables, and seafood 
Shellfish, raw fish, shrimp, and oyster 
Shrimp, fish, oysters, and mussels 

Yersinia 
enterocolitica 

Intestinal cell invasion Beef, fish, milk products, oyster, pork, poultry  

 
nuclease, lipase, acid phosphatase, fibrinolysis, 
enterotoxins, and toxins, that cause toxic shock syndrome 
(Tsepo et al. 2016). 
When food products are stored at room temperature for a 
while, the bacteria start growing and producing 
enterotoxins. These enterotoxins are heat-stable 
proteolytic enzymes that might be present in food with 
bacteria’s absence (Argaw and Addis 2015; Adugna et al. 
2018). There are 23 staphylococcal enterotoxins (SEs) (Wu 
et al. 2016; Wang et al. 2017), which stimulate the 
vomiting center of CNS, inhibit intestinal water and 
sodium assimilation (Desta and Addis 2015) and cause 
acute gastroenteritis (Abebe et al. 2020). 
 
Symptoms 

 
The incubation period of S. aureus is short, about 2 to 4 h 
only. After eating infected food, several diseases could be 
produced by this type of bacteria, ranging from skin 
disease to life-threatening severe infection such as 
septicemia, endocarditis, necrotizing pneumonia, and 
toxic shock syndrome (Wang et al. 2017; Che Hamzah et 
al. 2019). Most of these diseases are characterized by 
nausea, vomiting, chills, hypothermia, cephalalgia, and 
abdominal cramps with or without diarrhea (Dhama et al. 
2013; Kadariya et al. 2014; Wang et al. 2017). Death 
occasionally occurs in children, old aged, and 
immunocompromised patients (Wang et al. 2017). 

 
Clostridium botulinum 

 
Clostridium botulinum is motile organism, using 

peritrichous flagella, and produces botulinum 

neurotoxins, of which seven types are recognized, A 

through G, according to the toxin’s antigenic specificity of 
each strain (Lund and Peck 2013). Types A, B, E, and F 

cause botulism in human beings, while types C and D 

cause botulism in birds and mammals. Type G has not yet 

been implicated in any botulism case (Lund and Peck 

2013). Thermal processing is the most widespread method 

used to inactivate C. botulinum spores and produce shelf-
stable, low-acid, moist foods (Tumpanuvatr et al. 2015). 

C. botulinum is present in soils, fresh water, marine 

sediments, and the intestinal tracts of animals. Food 

sources commonly sampled include honey, which should 

not be fed to infants less than one year of age, fish, meat, 

vegetables, and infant foods. Botulinum toxin has been 

reported in various foods, including canned food, chicken 
and chicken giblets, ham, lobster, luncheon meat, 

sausages, and smoked and salted fish (Bintsis 2017). 

 

Pathogenesis 

 

Botulinum toxin, produced by C. botulinum, is the 
causative agent of botulism, and it is the most toxic 

substance known to be lethal to animals and humans. 

Botulinum toxin is a single polypeptide chain that is the 

most potent toxin at present, with as little as 30–100 ng 

being potentially lethal (Francisco et al. 2018). Botulinum 

toxin is a zinc-dependent protein of 150 kDa, composed of 

two subunits; a 100 kDa heavy chain and a 50 kDa light 
chain. Eight strains of C. botulinum have been described, 

depending on the toxins they produce. These strains are 

A, B, C1, C2, D, E, F, and G. Serotype C2 produces an 

enterotoxin, types C and D are bacteriophage coded, and 

all except C2 produce neurotoxins (Zaragoza et al. 2019). 
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Botulinum toxin is produced intracellularly and appears 

outside only after the lysis of bacterial cells. It is 

synthesized at first as a nontoxic protoxin and needs 

trypsin or other proteolytic enzymes to be activated 
(Tamang et al. 2017). 
 
Symptoms 
 
The symptoms of botulinum neurotoxin ingestion appear 
12–36 h after consuming contaminated food and initially 
include nausea and vomiting. The more characteristic 
neurological signs follow later, including visual disorder 
and acute flaccid paralysis that begins with the facial 
muscles, head, and pharynx, descending to involve the 
thorax and limb muscles. Paralysis might lead to death 
from respiratory failure caused by upper airway or 
diaphragm palsy (Cai et al. 2007; Harris et al. 2020). The 
minimum toxic dose of C. botulinum neurotoxin has not 
been determined, but from a human health and food 
safety standpoint, there should be no tolerance for the 
neurotoxin itself or conditions allowing growth of the 
organism in food (Harris et al. 2020) 
 
Clostridium perfringens 
 
Clostridium perfringens belongs to the family Bacillaceae 
and is a major cause of foodborne disease. Clostridia are 
non-motile, encapsulated, rod-shaped cells that produce 
protein toxins and form spores resistant to various 
environmental stresses, such as radiation, desiccation, 
and heat (Grass et al. 2013; Gul et al. 2016). Vegetative 
cells grow at temperatures from 6 to 50°C, but 43 to 47°C 
is the optimal range. Growth requires a minimum aW of 
0.93, a NaCl concentration less than 5–8% depending on 
the strain, and a pH of 5.0–9.0, optimum is 6.0–7.2 
(Freedman et al. 2016). C. perfringens is the most 
prevalent clostridial species found in human clinical 
specimens, excluding feces. It has been implicated in 
simple wound infections to myonecrosis, bacteremia, 
brain abscesses, clostridial cellulitis, gangrenous 
cholecystitis, intra-abdominal sepsis, intravascular 
hemolysis, pneumonia, postabortion infection, and 
thoracic and subdural empyema (McClane et al. 2012). 
Spores of the organism and cells are frequently associated 
with dust contamination on many surfaces, including 
foods such as meat and shellfish, resulting from its 
ubiquity throughout the environment (Uzal et al. 2010). 
C. perfringens is a soil habitant and occurs naturally in the 
intestinal tract of many homeothermic animals and 
humans. There are many C. perfringens isotypes, but type 
A contains the enterotoxin gene (cpe gene) responsible 
for causing food poisoning. Types B–E occasionally 
possess the cpe gene (Freedman et al. 2016; Rood et al. 
2018). 
 
Pathogenesis 
 
The disease is due to enterotoxin production (Skjelkvåle 
and Uemura 1977; Sarker et al. 2000). Enterotoxin is 
produced in the small intestine after the intake of about 

10 million C. perfringens cells. About 6–24 h 

(mostly 8–12 h) after consuming contaminated food, the 
symptoms begin with acute abdominal pain, nausea, and 
diarrhea. Heat-treating contaminated food kills intestinal 
flora, while spores of C. perfringens, a common species of 
the intestinal flora, persist (Andersson et al. 1995). 
Botulism is primarily self-limiting and lasts for about one 
day, but death primarily due to dehydration occurs in 
very young and elderly patients (Uzal et al. 2015). 
 
Symptoms 
 
Symptoms typically include abdominal spasms, diarrhea, 
emesis, and pyrexia (Leung et al. 2017). The less severe 
form of the disease usually lasts for 12 to 24 h. The 
symptoms may last for 7 to 14 days in infants and aged 
people. The gastroenteritis form is characterized by 
watery diarrhea and mild abdominal pains, and the Pig-
bel form (enteritis necroticans) causes abdominal spasm, 
distension, occasional bloody diarrhea, emesis, and 
patchy necrosis in the small intestine (Freedman et al. 
2016). 
 
Bacillus cereus 
 
Bacillus cereus is a rod-shaped, Gram-positive, motile, 
spore-forming, facultatively anaerobic, and beta-
hemolytic bacterium. It is commonly found in food, soil, 
and fresh and marine water (Bacon and Sofos 2003). B. 
cereus spores have appendages, pili, or both and are 
hydrophobic. That is why they can attach to different 
surfaces and are difficult to remove by cleaning or 
sanitation (Bintsis 2017). B. cereus can produce two 
different types of toxins, enterotoxigenic or emetic. 
 
Transmission  
 
Transmission of B. cereus most commonly occurs through 
ingestion of contaminated food, soil, and water, either 
with the bacterium or bacterial toxin, fried rice, rice 
dishes, vegetable, milk, meat, and poultry products 
(Bintsis 2017). 
 
Pathogenesis  
 
The emetic form of the toxin is heat stable and secrets a 
highly toxic cereulide peptide (a cyclic 
dodecadepsipeptide) during the stationary phase. It is 
highly resistant to acidic conditions and heat (at 12°C) 
and responsible for producing the emetic strain. 
Diarrheal strains of B. cereus are heat liable and 
synthesize three enterotoxins: hemolysin BL (HBL), non-
hemolytic enterotoxin (NHE), and cytotoxin K (CytK). 
HBL, a tripartite dermonecrotic permeability factor, may 
induce detachment of the retina and blindness (Bintsis 
2017). 
 
Symptoms 
 
By excreting two different bacterial toxins, Bacillus cereus 

causes two types of food poisoning. The first type is the 
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emetic form, characterized by acute abdominal pain, 

profuse diarrhea, nausea, emesis, and pyrexia, and this 

form has an incubation period of about 0.5–6 hours 

(Martinelli et al. 2013). The second type is the 

enterotoxigenic diarrheal form, characterized by acute 

nausea, vomiting, and diarrhea, but incubation period of 

this type is about 1 to 5 hours. 

 

Listeria monocytogenes 

 

Listeria are Gram-positive, non-spore-forming, rod-

shaped, motile, facultatively anaerobic bacteria 

(Şanlıbaba et al. 2018). Listeria has ten different species, 

but human and animal Listeriosis is caused by L. 

monocytogenes (Abebe et al. 2020). This type of bacteria 

can survive at different pH ranges (4.4–9.4), high salt, and 

temperatures from 0°C to 45°C (Rodrigues et al. 2017). 

Listeria is a major cause of foodborne illness that usually 

is present in nature and is one of the most virulent 

pathogens (Olaimat et al. 2018). 

 

Transmission 

 

The most common transmission route is the intake of raw 

food, vegetables contaminated from soil or water 

containing the bacteria, and animal-based products 

contaminated with L. monocytogenes (Şanlıbaba et al. 

2018). However, the risk of infection in young, old, and 

immunocompromised patients is higher than the other 

people (Dhama et al. 2013). 

 

Pathogenesis 

 

The most significant virulence factor in Listeriosis is 

evading the immune system and immune cells, causing 

infection (Dhama et al. 2015). L. monocytogenes has D-

galactose residues on its surface that can adhere to 

receptors on the host cell, generally M cells and Peyer’s 

patches of the intestinal mucosa. When these bacteria 

bind to the host cells, they can pass through the intestinal 

membrane, move into the bloodstream and produce 

septicemia. Then these bacteria enter the monocytes, 

macrophages, or polymorphonuclear leukocytes (Sisay 

and Addis 2015). The most critical point associated with 

this bacterium is that intracellular organism can cross 

through barriers such as the intestines, blood-brain 

barrier, and placenta and produce infection from each of 

these barriers (Ranjbar and Halaji 2018). 

 

Symptoms 

 

Symptoms usually last for 7 to 10 days (Sisay and Addis 

2015), and include influenza-like symptoms such as 

pyrexia, tiredness, and gastrointestinal problems like 

nausea, emesis and diarrhea. In severe cases, it causes a 

life-threatening infection like septicemia, meningitis, 

meningoencephalitis, abortion, stillbirth or fetal infection 

(Jami et al. 2014; Reda et al. 2016). 

Gram-negative foodborne pathogens 
Salmonella Species 
 

Salmonella are Gram-negative, anaerobic, and non-spore-
forming bacteria, belonging to the family 
Enterobacteriaceae (Chlebicz and Śliżewska 2018). The 
genus is composed of more than 2500 serotypes (Musa et 
al. 2017). More than 150 serotypes can produce foodborne 
Salmonellosis (Dhama et al. 2013) and are cosmopolitan in 
nature. Salmonella are described as an important cause of 
human and animal infection. These bacteria most likely 
grow in the intestinal tract of humans and animals. The 
latter can act as a reservoir of foodborne Salmonellosis 
(Sisay and Addis 2015). 
 
Transmission 
 
Contaminated food and water are the primary causes of 
Salmonella infection (Dhama et al. 2013). Also, animal-
based products such as meat, milk, pork, and poultry can 
cause foodborne Salmonella infection (Musa et al. 2017). 
Carcass contamination after slaughtering (Girma 2015) 
and eggshell or egg content contamination with this 
bacteria may occur either from the hen’s reproductive 
system and from fecal or environmental contamination. 
 
Pathogenesis 
 
Several factors influence the host susceptibility to 
infection, such as infectious dose, route of infection, 
immune state of the host, and virulence of the bacteria 
either through plasmid, toxin, fimbriae, or flagella that 
help the bacteria to initiate the infection (Kemal et al. 
2015). The pathogenicity of Salmonella infection starts 
from the bacterial invasion of the host cell. This complex 
invasion process is facilitated by producing several 
chromosomal genes that help invade the host cell, 
depending on the presence of virulence plasmid. 
The target cell of Salmonella infection is the micro fold 
(M) cell, but the infection mechanisms include bacterial 
endocytosis, neutrophil recruitment and migration, 
epithelial cell cytokine synthesis, and fluid and electrolyte 
loss, finally producing the systemic infection (Sisay and 
Addis 2015). After this, Salmonella can reach the intestine 
and interact with non-phagocytic cells, such as normal 
intestinal mucosal cells. This binding is accomplished by 
adhesive structures of the fimbriae that accelerate this 
binding, promote invasion of the epithelial cell and 
beginning of gastroenteritis (Kemal et al. 2015) and 
produce local damage without septicemia. However, 
infection occurs in the micro-fold cells in the Peyer’s 
patches by fimbriae adhesion, resulting in the sloughing 
and damage of the target cell membrane and bacterial 
internalization through membrane-bound vacuole and 
producing vesicles inside the cell (Sisay and Addis 2015). 
 

Symptoms 
 
The incubation period of Salmonella infection is about 12 
to 72 hours (Dhama et al. 2013). However, signs vary from 
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gastroenteritis to septicemia, and the severity of the 
disease is dependent on the immune state and 
susceptibility of the host and the virulence factor of the 
bacteria (Kemal et al. 2015). Other signs include nausea, 
vomiting, abdominal cramp, watery, greenish fetid, or 
bloody diarrhea with mucus, headache, fatigue, sickle cell 
anemia, reactive arthritis, and osteomyelitis (Desta and 
Addis 2015). However, Salmonellosis can cause a severe 
problem in young, old, and immunocompromised 
patients (Dhama et al. 2013). 
 
Campylobacter spp. 
 
Campylobacter is a Gram-negative, microaerophilic, and 
catalase-oxidase positive organism. The genus 
Campylobacter comprises more than 25 species and eight 
subspecies (Hagos et al. 2019) but C. jejuni and C. coli are 
the most important foodborne pathogens that can 
produce foodborne illness (Dhama et al. 2013). 
This bacterium is the most important causative bacterial 
agent of foodborne diarrheal disease in humans globally 
(Wieczorek et al. 2018), which results from contamination 
of food of animal origin (Dadi and Asrat 2008). 
Campylobacter can grow and colonize in most 
homeothermic animals, especially in poultry (Mughal 
2018). It is responsible for 15% of foodborne disease-
associated hospitalizations and 6% of foodborne disease-
associated deaths (Desta and Addis 2015). 
 
Transmission 
 
Campylobacter infection is principally transmitted via 
contact with infected animals, or fomites, water, or 
during carcass handling in the slaughterhouse 
(Chanyalew et al. 2013), while the main route of 
Campylobacter transmission is from contaminated food 
handling, preparation, and consumption, especially from 
poultry (Abebe et al. 2020), through indirect fecal 
contamination (Khoshbakht et al. 2016), consumption of 
contaminated meat or raw unpasteurized dairy products, 
for example, milk and cheese (Dhama et al. 2013). 
Cross-contamination occurs during ready-made food 
preparation by food handlers (Dadi and Asrat 2008), but 
about 30% of all infection cases have been reported due to 
poultry product consumption (Chlebicz and Śliżewska 
2018). 
 
Pathogenesis 
 
The pathogenesis of Campylobacter infection is not 
entirely understood because several mechanisms of 
pathogenesis are speculated. Campylobacter jejuni 
virulence is associated with bacterial motility, mucus 
colonization, invasion of epithelial cells, toxin 
production, adhesion, internalization, and translocation 
(Desta and Addis 2015; Asuming-Bediako et al. 2019). 
Flagellae, encoded by a flagellin gene (fla A), enable the 
bacterium to reach attachment sites in the intestine. 
Several virulence factors in Campylobacter have been 
identified, which improve its motility, intestinal adhesion, 

colonization, toxin production and invasion. After 

this step, bacteria can penetrate the intestinal mucosa 
and begin toxin production, especially cytotoxins, and 
cause disease. 
When the bacteria start multiplication in the mucosal 
surface of intestinal epithelium and cells of the lamina 
propria, it results in self-limiting diarrhea and abdominal 
pain. However, the heat-labile toxin is the common cause 
of diarrhea produced by this bacterium (Hadush and Pal 
2013). 
 
Symptoms 
 
The incubation period of Campylobacter infection is 3–5 
days (Dhama et al. 2013). Campylobacter causes traveler’s 
diarrhea (Hagos et al. 2019), characterized by watery and 
bloody diarrhea, abdominal cramps, pyrexia, malaise, and 
emesis. These signs are more severe in young-aged 
children than in adults due to excessive loss of proteins, 
nutrients, and electrolytes (Asuming-Bediako et al. 2019). 
The bacteria may also produce megacolon, dehydration, 
and septicemia in young and immunocompromised 
patients (Omara et al. 2015). 
 
Pathogenic E. coli groups 
 
E. coli is a Gram-negative, non-spore-forming, facultative 
anaerobic bacillus of the family Enterobacteriaceae. It is 
one of the normal flora in the lower intestine of warm-
blooded animals and humans (Eggesbø et al. 2011). 
However, it can also cause intestinal disturbances and 
illness in humans that range from self-limited intestinal 
trouble to renal failure and septic shock. E. coli is also a 
causative agent of many diarrheal diseases in both 
humans and animals, such as traveler’s diarrhea. It can 
also produce bacteremia, pneumonia, cystitis, and 
peritonitis. E. coli is divided into 150–200 serotypes based 
on the somatic (O), flagella (H), fimbriae (F), and 
capsular (K) antigens. That is why antimicrobial 
resistance is the most common problem associated with 
E. coli treatment. 
E. coli related to diarrheal diseases are divided into six 
groups: enteropathogenic E. coli, enteroinvasive E. coli 
(EIEC), enterohemorrhagic E. coli (EHEC), 
enteroaggregative E. coli (EAEC), enterotoxigenic E. coli 
(ETEC), and diffusely adherent E. coli (DAEC). However, 
the most common cause of human intestinal infection is 
EHEC, which produce Shiga-like toxin (Devleesschauwer 
et al. 2019). E. coli O157:H7 is one of the familiar serotypes 
that contain pathotypes, causing foodborne infection in 
humans (Ashebr and Alemu 2019). 
 
Transmission 
 
The most frequent transmission mode of E. coli O157:H7 
is through consuming contaminated food and water or 
person to person. Transmission can also occur by 
consuming contaminated raw, undercooked meat of 
bovine origin (Ashebr and Alemu 2019) and contaminated 
raw milk and unpasteurized dairy products (Dhama et al. 
2013). 
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Pathogenesis 
 
E. coli virulence factors are Shiga-like toxin and adherence 
factor; both are considered an E. coli mechanism of 
pathogenesis (Saeedi et al. 2017). A specialized gene, 
known as the intimate gene, is responsible for the intimate 
attachment of bacteria to the intestinal cell that will cause 
attachment and erosion of the microvilli of the brush 
border enterocytes (Abreham et al. 2019). E. coli destroys 
microvilli and alters the cytoskeleton structure of the 
enterocyte associated with the accumulation of 
polymerized actin and cytoskeleton proteins beneath the 
site of bacterial attachment (Karmali et al. 2010). This 
adhesion is either through fimbrial or non-fimbrial 
pathways, which causes bacterial binding and colonization 
after E. coli starts proliferation and pathogenesis. 
E. coli O157:H7 can bind to the intestinal mucosal tissue 
and secrete several enzymes, proteins, and toxins (Saeedi 
et al. 2017). Production of Shiga toxin, either Shiga-like 
toxin 1 (stx1) or Shiga-like toxin 2 (stx2), will start bloody 
diarrhea, sloughing of intestinal epithelial cells and 
hemolytic uremic syndrome (Kiranmayi and Krishnaiah 
2010). 
 
Symptoms 
 
After an incubation period of 2–10 days, clinical signs 
appear, including diarrhea, abdominal pain and crump, 
vomiting, hemorrhagic colitis, hemorrhagic uremic 
syndrome, and bloody diarrhea (Desta and Addis 2015). 
 
Shigella spp. 
 
Shigella are Gram-negative, facultatively anaerobic, non-
motile, and non-spore-forming bacteria that can grow at 
temperatures between 6°C and 48°C and pH of 4.8 to 9.3 
(Mikhail et al. 2021). Shigella is a genus of the family 
Enterobacteriaceae and is composed of four serogroups, 
of which A, B, and C are composed of 38 serotypes, while 
serogroup D has only one serotype (Bacon and Sofos 
2003). In developing countries, Shigella dysenteriae type 1 
is the most common serotype that causes infection 
(Alamdary and Bakhshi 2020). 
 
Transmission 
 
Shigellosis most frequently occurs after consuming 
contaminated food and water, but Shigella is commonly 
found in poor hygienic and sanitation environment. The 
primary transmission route is through direct contact (Al-
Dahmoshi et al. 2020). Shigella could be present in 
different foods such as milk, meat, chicken, salad and 
shellfish, but the most common outbreaks occur in 
eateries, homes, schools, sorority houses, and commercial 
airlines (de W Blackburn and McClure 2009). 
 
Pathogenesis 
 
After ingestion, Shigella moves to the small intestine and 

goes down through the large intestine, where it 

invades the host cells, causes injury to the colonic 
mucosa, and produces enterotoxins. After that, it starts 
mucosal invasion by using transcytosis and uses M cells 
to move through the basolateral epithelium, primarily 
accountable for stimulation of intestinal lymphoid tissue 
by antigen recognition. Transcytosis produces 
macrophage and cellular apoptosis. It releases 
inflammatory cytokines, Interleukin (IL)-1 and IL-8, 
contributing to intestinal inflammation and continues 
invasion of epithelium and immune system by using 
intercellular actin polymerization. Through this process, 
absorption of nutrients is impaired, resulting in diarrhea. 
Another mechanism for cell trauma is via enterotoxins 1 
and 2, which play an essential role by impairing fluid and 
nutrient absorption, causing diarrhea. Shigella dysenteriae 
serotype 1 also causes cytotoxicity and vascular lesions in 
the colon and other organs, such as the kidneys, causing 
problems like hemolytic uremic syndrome (HUS) (Aslam 
and Okafor 2021). 
 
Symptoms 
 
The incubation period of all serogroups of Shigella is 
about 12–50 h, followed by initiation of gastrointestinal 
infection. Signs may include fever, watery diarrhea, 
headache, malaise, fatigue, and abdominal cramp, and all 
four serogroups could produce symptoms, but Shigella 
dysenteriae type 1 is the most common cause of illness 
(Mattock and Blocker 2017). 
 
Yersinia spp. 
 
Yersinia are Gram-negative, rods or cocci, anaerobic and 
non-spore-forming bacteria, with 17 species. However, 
only Yersinia enterocolitica is a zoonotic and causative 
agent of food poisoning called Yersiniosis (Janowska et al. 
2012; Dekker and Frank 2015). It can grow between 0°C to 
40°C and pH lower than 9.0 but destroyed in an acidic 
medium, and the aW must not be lower than 0.96 (Bari et 
al. 2011). 
 
Transmission 
 
The primary transmission source is contaminated raw 
and undercooked pork, raw or unpasteurized dairy 
products, plants, seafood, drinking water, and contact 
with contaminated equipment or surface (Bursová et 
al. 2017; Chlebicz and Śliżewska 2018). Yersinia also 
invades the upper body part, such as the head, and 
meat could be contaminated and exposed by the 
bacteria after slaughter. So, head of the carcass is the 
best source of transmission after slaughtering (Van 
Damme et al. 2017). 
 
Pathogenesis 
 
The virulence factors of Yersinia enterocolitica include 
pieces of the genetic code or information contained in 
chromosome and the pYV plasmid of Yersinia pYV 
(virulence plasmid), approximately 70 kbp long (Bari et 
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al. 2011). After consuming contaminated food and water, 
the bacterium reaches the distal part of the small 
intestine and proximal part of the colon and starts 
proliferation, differentiation, and colonization in the 
environment, causing infection (Bancerz-Kisiel and 
Szweda 2015; Chlebicz and Śliżewska 2018). 
 
Symptoms 
 
Clinical signs of Yersinia infection include severe 
enteritis, gastritis, fever, stomachache, often bloody 
diarrhea, and appendicitis, erythema nodosum, 
bacteremia, osteoarthritis, purulent hepatitis, splenitis, 
nephritis, myocarditis, and rarely endocarditis are seen in 
adults (Bari et al. 2011; Rahman et al. 2011; Schaake et al. 
2014). In general, the risk of this disease is low, but young 
children, elderly, and immunocompromised patients are 
more at risk. 
 
Vibrio species 
 
Species in this genus are Gram-negative, straight or 
curved rods, non-spore-forming, primarily motile, and 
facultatively anaerobic. The genus  Vibrio belongs to the 
family Vibrionaceae. The pathogenic Vibrio species are V. 
cholerae, V. parahaemolyticus, and V. vulnificus. They are 
human pathogens, widely distributed in marine 
environments and are naturally found in the water 
(Hofmeister et al. 2019). 
 
Transmission  
 
Vibrio cholerae generally enters the human body by 
contaminated food consumption, such as raw or 
undercooked mollusks or crustaceans, or an open wound 
exposure to contaminated water. Food sources involved 
in the transmission of V. parahaemolyticus comprise 
crabs, prawns, scallops, and other seafood. 
 
Symptoms 
 
Vibrio parahaemolyticus infection commonly occurs 
within one day of the exposure and continues for three 
days, while V. vulnificus symptoms usually occur 12 hours 
to 21 days after exposure. These pathogens can cause 
fever, diarrhea, nausea, abdominal pain, and vomiting in 
healthy individuals. While these symptoms usually last 
for 2–3 days, severe cases may cause dysentery, primary 
septicemia, or cholera-like symptoms with the likelihood 
of death (Hofmeister et al. 2019). 
 
Mycotoxigenic molds  
 
Filamentous fungi belong to the Ascomycota phylum, 
which can grow on foods (crops). They produce 
mycotoxins, which cause chronic disease in animals and 
humans. Mycotoxins are toxic secondary metabolites of 
different filamentous fungi (Wu et al. 2014). Mycotoxins 
of some filamentous fungi cause various adverse effects in 

humans, such as intestinal symptoms, allergic 

reactions, immunosuppression, mutagenesis, and protein 
synthesis inhibition (Klich et al. 2003). Mycotoxins of the 
fungal genera Aspergillus, Fusarium, and Penicillium are 
the principal sources of food and feed contaminations 
(Sweeney 1998; Marin et al. 2013).  
Aspergillus species like A. flavus and A. parasiticus are the 
primary fungi that produce aflatoxin in wheat, rice, 
peanuts, corn, and other grains. The most important 
mycotoxins known to contaminate food products are 
aflatoxins B1, B2, G1, and G2. Toxic metabolites, such as 
aflatoxins M1 and M2, may occur in the flesh and milk of 
animals given grains contaminated with type B aflatoxin. 
The main effect of aflatoxins is acute hepatotoxicosis, 
hepatocarcinoma, and stunted growth in children (Marin 
et al. 2013; Kaushik 2015). 
Other species of Aspergillus, like A. carbonarius, A. niger, 
A. ochraceus, and Penicillium verrucosum, are the primary 
fungi associated with ochratoxin production in low levels 
in different products, such as barley, raisins, coffee 
products, soybean, wines, and grapes. These mycotoxins 
are associated with renal diseases and may accumulate in 
human or animal tissues upon consuming contaminated 
foods (Wu et al. 2014).  
Penicillium citrinum and some Aspergillus species, such as 
A. terreus and A. niveus, and Monascus ruber, M. 
purpureus, Penicillium camemberti, and A. oryzae, can 
produce citrinin, which is a mycotoxin found mainly in 
wheat, rye, oat, barley, rice, and corn. Citrinin is 
associated with nephrotoxic effects in humans and 
animals (Húngaro et al. 2014). Some species of 
Penicillium, Aspergillus, and Byssochlamys produce 
patulin, a mycotoxin found in fruit such as cherry, apple, 
and pear. The main effect of this toxin is stomach 
irritation, causing vomiting and nausea (Marin et al. 2013; 
Húngaro et al. 2014). 
Fusarium spp. produce many mycotoxins, such as 
zearalenone, fumonisins, and trichothecenes 
(deoxynivalenol (DON) and T2 toxin), mainly found in 
corn. Fumonisins are related to esophageal cancer and 
neural tube defects. Trichothecenes are immunotoxic and 
cause gastroenteritis  (Alassane-Kpembi et al. 2016). 
 
Foodborne Viruses  
 
Foodborne and waterborne viral contaminations are 
progressively known as causes of sickness in humans. This 
increment is incompletely explained by changes in food 
preparation and consumption practices that lead to the 
global availability of risky food. As a result, large outbreaks 
may occur due to food contamination by a single food 
handler or source. The most common types of foodborne 
transmission viruses are hepatitis A virus (HAV) and 
Norwalk-like caliciviruses (NLV), proposing that these 
infections are related to most viral foodborne diseases. 
People might become infected without displaying 
symptoms, and these viruses can be transmitted indirectly 
via water, food, or fomites contaminated with virus-
containing vomit or feces. The high frequency of NLV and, 
to a lesser extent, hepatitis A results in enhancing a 
foodborne outbreak (Koopmans et al. 2002). 

https://www.sciencedirect.com/topics/immunology-and-microbiology/human-pathogen
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Noroviruses (Norwalk) 
 
Noroviruses are non-enveloped, single-stranded, RNA 
viruses of the family Caliciviridae. They produce disease 
in humans and other animals, primarily cattle, swine, and 
mice (Hennechart-Collette et al. 2015). Noroviruses (NoV) 
are organisms that can be carried by direct person-to-
person contact or indirectly via contaminated water, food, 
or environments (Duret et al. 2017). Infections with NLV 
are considered one of the most critical causes of 
gastroenteritis in adults. 
The incubation period of Noroviruses is one to three days. 
Infected persons suffer from fever, diarrhea, headache, 
and vomiting. In general, the illness is mild, with 
symptoms that continue for 2–3 days. Projectile vomiting 
frequently occurs in adults, and deaths from Norovirus 
outbreaks have been reported, but the etiologic 
connection needs to be affirmed. The infection rate is 
typically ≥45%. The virus spreads via stools and vomit, 
starting during the incubation period and lasting ≥ten 
days (Ozawa et al. 2007). 
 
Foodborne Hepatitis  
 
Hepatitis-causing viruses are divided into enterically 
transmitted (HAV, HEV) and parenterally transmitted 
hepatitis viruses (hepatitis B, C, D, G). Enterically 
transmitted viruses are the leading causes of food- or 
waterborne illnesses. HAV is a virus belonging to the 
family Picornaviridae (Koopmans et al. 2002; Lemon et al. 
2018). Particles can spread via contaminated food, water, 
environmental surfaces, and direct or indirect contact 
among people (Moreno et al. 2015; Bintsis 2017). 
The incubation period of Hepatitis A virus infection is 30 
days, and it can cause asymptomatic or symptomatic 
infection. The disease has non-specific symptoms, such as 
headache, fever, nausea, fatigue, and abdominal 
disturbances, and the symptoms and signs of hepatitis 
appear 1–2 weeks after infection (Pintó et al. 2012). The 
probability of having symptoms with HAV infection is 
dependent on the infected individual’s age. Most 
infections are asymptomatic among children younger 
than six years, and children with symptoms rarely 
develop jaundice. Infection is ordinarily symptomatic 
among older children and adults, and jaundice occurs in 
most patients (Koopmans et al. 2002; Pintó et al. 2012). 
 
Foodborne Parasites  
 
Protozoa are unicellular microorganisms, larger than 
bacteria, that lack a rigid cell wall but with an organized 
nucleus. Like viruses, protozoa do not multiply in foods, 
only in living tissues, and they are important causative 
agents of human diseases. The virulent form of protozoa 
is a cyst (Robertson et al. 2014), which may be transmitted 
from humans to animals, from humans to humans, or 
from animals to humans. A few parasites cause foodborne 
and waterborne illnesses. Protozoa live and reproduce 
within the infected animal and human hosts and are often 

excreted in feces. The most common foodborne 

parasites are Toxoplasma gondii, Cyclospora cayetanensis, 
and Trichinella spiralis. Foodborne parasites pose a 
burden in low- and middle-income countries, where 
parasitic infection cycles from food sources have been 
emphasized (Yoshida et al. 2011).  
 
Toxoplasma gondii  
 
Toxoplasma gondii is a member of the family 
Sarcocystidae, and phylum Apicomplexa. It is an obligate 
intracellular pathogen that is considered one of the most 
common parasitic (protozoal) infections of humans and 
other homeothermic animals (Hill and Dubey 2002). The 
infectious stages of T. gondii are oocysts, bradyzoites, and 
tachyzoites, and transmission may be horizontal or 
vertical. Horizontal transmission of T. gondii involves 
consuming undercooked meat containing bradyzoites or 
ingestion of vegetables or fruits, contaminated water with 
oocysts, tachyzoite transmission by blood transfusion, or 
milk and cheese consumption (Dubey et al. 2014). Vertical 
transmission of T. gondii tachyzoite may be via the 
placenta or semen (Lopes et al. 2013). 
The symptoms of Toxoplasmosis include pyrexia, rash, 
cephalalgia, myalgia, and lymph node swelling that may 
persist for more than a month (Hill and Dubey 2002). 
Ocular Toxoplasmosis causes blurred or reduced vision, 
redness in the eyes, pain, and sensitivity to light. In 
immunocompetent individuals, Toxoplasmosis is 
generally subclinical or asymptomatic (Wang et al. 2017). 
T. gondii contagions cause abortion or fetal 
developmental disorders in pregnant women and small 
ruminants (Dubey 2016). Immunocompromised people 
are at a high risk of severe health problems (Weiss and 
Dubey 2009; Wang et al. 2017).  
 
Cyclosporra cayetanensis  
 
Cyclospora is a genus of protozoa under the family 
Eimeriidae. The only species of the genus is Cyclospora 
cayetanensis, which infects humans through the fecal-oral 
route. C. cayetanensis is widespread and was a critical 
causative agent of foodborne enteric disease outbreaks in 
many countries. It can cause prolonged illness, lasting for 
six weeks or longer in immunocompetent and 
immunocompromised people, with symptoms including 
vomiting, diarrhea, nausea, anorexia, bloating, abdominal 
discomfort, malaise, pyrexia, and tiredness (Ortega and 
Sanchez 2010). 
 
Trichinella Species  
 
Trichinella nematode spp. cause a parasitic disease, 
known as Trichinellosis, a worldwide foodborne zoonosis 
caused by eating raw or undercooked meat containing the 
infective larvae (Bai et al. 2017). The primary sources of 
infection are the domestic pig (pork) and its products 
(Hassan et al. 2019), but meat of equines and wild boars 
played a substantial role in outbreaks in Europe. 
Trichinella can infect more than 150 species of animals, 
including humans (Dupouy-Camet 2000). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/trichinosis
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Conclusion 
 
Foodborne diseases are of universal concern, and a joint 
program by all nations and international agencies is a 
requirement to recognize and control all foodborne 
diseases that jeopardize human health and international 
transactions. Most foodborne diseases are avoidable, 
notwithstanding being complicated in their biology, 
analysis, and epidemiology. Public health and regulatory 
agencies, the food industry, and consumers must make 
continuous efforts to preclude food contamination on the 
farm, during processing, and in eateries and households. 
With appropriate education programs on food safety for 
all involved people, foodborne diseases could be 
controlled or their occurrence reduced. 
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