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Gram-negative pathogens
Family Enterobacteriaceae
Salmonella
Salmonella is described as a type of bacteria most frequently reported as a major cause of food-related illness in the United States. The bacteria cause salmonellosis, and it can therefore cause stomach upset, fever, diarrhea, and pain in the belly. Salmonella is a gram-negative facultative bacterium. It is also rod-shaped. It causes typhoid fever and salmonellosis (Seribelli et al., 2020). The genotypic of the salmonella has genes that are responsible for the antibiotic activity of the resistance. The genes are also responsible for illicit the pathogen that result in salmonellosis and typhoid fever.
The growth of salmonella has a generation time of 21-34.8 minutes. Despite that, the growth rate of salmonella varies depending on the nutrients and other factors. It has a population rate of 5-6 log10 cycles within 24 hours. The survival of the salmonella is that being facultative anaerobic bacteria can survive for an extended period in low oxygen in the soil or the manure. It can also be able to survive in manure slurry pits (Xu et al., 2017).
Some of the intrinsic and extrinsic factors affecting salmonella include; the intensity of the light, Temperature, salinity, radiation, chemical compounds, antibiotics, and nutrients. Food that salmonella can be found in includes beef, chicken, pork, vegetables, frozen pot pies, and processed food (Taylor & Koshland, 1975). Therefore, it is recommended that a straightforward handling procedure be followed when using this kind of food. The sources of contamination of salmonella can be food, fecal materials, and water. Mechanism of contamination in food by salmonella uses the fecal-oral route, which is then transmitted by food and water. It can also be through direct animal contacts, but they rarely occur from person to person. In identifying salmonella, biochemical tests such as Voges Proskauer, methyl red test, tryptophan, or phenylalanine are used though they are a presumptive examination method. For the control mechanism, people should be able to separate raw food from the produce and other foods, wash hands and materials well and avoid cross contamination to prevent further spread of the disease (Seribelli et al., 2020).
Shigella
It is described as a gram-negative bacterium with the following characteristics; nonmotile, non-spore forming, facultatively anaerobic, rod-shaped, and plate colony formation. The genotypic aspect of Shigella is that it contains various genes which are virulence. Additionally, there are different strains of Shigella which are different by the genomic make of the strains (Shigella | Causes & Symptoms | Testing & Treatment | Ending HIV, n.d.).
[bookmark: _Hlk76139167]The growth of the Shigella is dependable by the Temperature and pH. Unlike salmonella, they rapidly inactivated at a higher Temperature of above 65C. in contrast, and they also do well at a low temperature of 4C. Being enteric bacteria, they survive in an acidic environment, especially the stomach, and also have the capability of invading the epithelial cells of the colon and the stomach. When it comes to both intrinsic and extrinsic factors like any bacteria, they are affected by light, Temperature, salinity, radiation, chemical compounds, antibiotics, and nutrients. These might not be the only factors that affect Shigella, but others can be linked most to virulence (Warren et al., 2006). 
Food involved includes; salad, raw vegetables, dairy products, milk, and poultry, among others. Source of contamination for Shigella can also be the food, water which is contaminated with either human or animal waste, unsanitary handling of the food handlers, among other sources. The mechanism of contamination of Shigella is mainly host-adapted to either human or non-human, which uses fecal-oral route, person-to-person or indirectly through eating contaminated food full of contaminates.
Shigella causes the disease known as shigellosis, which has the following characteristics; diarrhea, fever, severe stomach cramping, dehydrates, and stomach pain. The patient is advised to seek medication immediately when they start feeling such signs. The methods quantified to be used to identify Shigella in food include PCR, oligonucleotide microarrays, and rep-PCR. Control of the Shigella or shigellosis is through practicing good personal hygiene. For instance, washing hands, discarding the dirt. It is advisable to keep a distance to avoid cross-contamination (Shigella | Causes & Symptoms | Testing & Treatment | Ending HIV, n.d.).
Pathogenic E. coli
The gram reaction of the pathogenic E. coli is gram-negative, which is rod-shaped. They are different strains of pathogenic E. coli. Some examples include; Enterotoxigenic E. coli (ETEC), which are the causative agent of diarrhea and found in dogs, humans, pigs, cattle, and sheep. Secondly, the pathotype is Enteropathogenic E. coli (EPEC), having the same characteristics as ETEC. Third, Enteroinvasive E. coli (EIEC) is mainly found in humans. Fourth, Enterohemorrhagic E. coli (EHEC) is located in humans and animals such as cattle and goats. Lastly, Enteroaggregative E. coli (EAEC)(Feldsine et al., 2005) . All of the above mention pathotypes have genes that encode virulence that regulates both growth and survival.
Pathogenic E. coli, like any other bacteria, always take 24hours to grow on a plate of media. Its growth is affected by environmental factors (Temp, pH, Salinity), nutrients, and toxins. The survival mechanism of most of the pathogenic E. coli is a warm environment. Food involved includes meat products, raw milk, vegetables, and cheese which are also the main sources of pathogenic E. coli. The mechanism of the Pathogenic is from plant to human.
E. coli is one of the most frequent causes of common bacterial infections (Kabiru et al., 2015). They include; cholecystitis, cholangitis, bacteremia, diarrhea, and other urinary tract infection. The diseases are characterized by fever, diarrhea, nausea, among others. The virulence effects of the pathogenic E. coli are mostly influenced by the genes, and they cause death among the patient. The examination of E. coli includes; disks and strips method, alternative and rapid culture media methods, and the GDS molecular detection system, among other methods. For prevention and control, the industry should be keen on good hygienic strategies to reduce the spread of E. coli. The farmers should protect the fields from animal faecal contamination. Evaluate and manage the risks from irrigation water and keep the food in the safe storage to avoid contamination of the food by the invasion of the pathogenic E. coli (Kabiru et al., 2015).
Yersinia
[bookmark: _Hlk76150355]It is a gram-negative bacterium belonging to yersiniaceae family. It is coccobacilli bacteria; it is facultative anaerobes. It is rod-shaped that usually grows well 0-44C. The bacteria cause the disease called yersiniosis, acute diarrheal illness caused by the three sub-types of the Yersinia bacteria. The growth of Yersinia species grows at 42C. Genotypically, they are closely related to the Y. pseudotuberculosis. In terms of pH range, they do well in 5.0-9.6 and with a NaCl supplement. The bacteria can only survive at a period of 7 days when 11% of RH was maintained. When comes to both intrinsic and extrinsic factor like any bacteria, they are affected by the intensity of the light, Temperature, salinity, radiation, chemical compounds, antibiotics, and nutrients (Ramees et al., 2017)
Food that involved is meat, oysters, fish, crabs, and raw milk. Animals are also habitant of the bacteria, such as pigs, beavers, and squirrels. The bacteria can also be caused by cross-contamination, in this case by soil and water, which contributes to high contamination rates. In terms of sources, food and animals are the major contributors. The mechanism of contamination is from soil and water, which are transmitted to food and animals, which are then transferred to humans by handling the food or animals. Despite that, there is also cross-contamination and high chances of a person-to-person transfer.
Yersinia causes the disease: yersiniosis, which has the following characteristics; pain, diarrhea, and blood. There is also a reported case of fever which is mostly confused with appendicitis. Method of detection of the yersinia includes the use of PCR or biochemical test. Management of the yersinia consists of maintaining hygiene and make sure food is well cooked (Ramees et al., 2017).
Cronobacter
Cronobacter is a Gram-negative, facultatively anaerobic, oxidase-negative, catalase-positive genus, rod-shaped bacteria belonging to the Enterobacteriaceae family. They are motile, decrease nitrate, use citrate, hydrolyze esculin and arginine, and are L-ornithine decarboxylase positive. Cronobacter, formerly known as Enterobacter sakazakii, is a bacteria that can survive in very dry environments. Cronobacter has been discovered in a powdered newborn formula, powdered milk, herbal teas, and starches, among other dry foods. It's also been discovered in sewage water (Iversen et al., 2008).
Cronobacter bacteria can cause a life-threatening blood infection called sepsis, as well as swelling of the linings around the brain and spinal cord (meningitis). Cronobacter infection is most likely to cause meningitis in infants aged two months and younger. Fever, poor eating, seizures, and a bloated abdomen are some of the symptoms (Lu et al., 2014).
When a cause of Cronobacter infection in a newborn has been identified, it has almost always been linked to the intake of reconstituted powdered infant formula. Infant formula that is powdered is not sterile. According to manufacturers, it is impossible to remove all germs from the powdered baby formula using existing procedures. Cronobacter was discovered in a powdered baby formula that had been tainted at the plant in certain studies (Detection of Cronobacter in Foods, n.d.).
Vibrionaceae
Vibrio
Vibrio is a genus of Gram-negative bacteria with a curved-rod (comma) structure that can cause foodborne illness, which is generally connected with eating raw seafood. Vibrio species are anaerobic bacteria that test positive for oxidase but do not produce spores and are usually found in saltwater. When it comes to multiple factors, such as light intensity, Temperature, salinity, radiation, chemical compounds, antibiotics, and nutrition, bacteria are impacted by both intrinsic and extrinsic factors (Kabiru et al., 2015).
Vibrio infections can be contracted by eating undercooked seafood, particularly oysters. You can also acquire an infection if you have an open wound that comes into touch with raw or undercooked fish, their fluids, or drippings, which are also vibrio sources. Vibrio bacterium infection can result in two forms of illness: vibriosis and cholera. Although there are numerous Vibrio species, most vibriosis (non-cholera) problems are caused by Vibrio vulnificus or Vibrio parahaemolyticus. Vibrio prevention, including not eating raw or undercooked oyster or other shellfish. Cook them before you eat them. After handling raw shellfish, always wash your hands with water and soap. Cooked shellfish should not be contaminated with raw shellfish or its fluids (Ramees et al., 2017).
Aeromonas
Aeromonas is a genus of gram-negative, facultatively anaerobic, rod-shaped bacteria resembling the Family Enterobacteriaceae representatives (Fernández-Bravo & Figueras, 2020). The majority of the 14 identified species have been linked to human illnesses. When it comes to both internal and extrinsic factors, they are impacted by the intensity of the light, just like any other bacterium. Temperature, salinity, radiation, chemical substances, antibiotics, and nutrition are all factors to consider (Ramees et al., 2017).
Aeromonas hydrophila is a common Aeromonas species found in water, aquatic life, domesticated pets, and foods. The most frequent symptom of Aeromonas infection is diarrhea. The bacterium has also been linked to several extraintestinal manifestations, such as wound infections and bacteremia. Proper hygienic practices are critical in the management of Aeromonas infections (Dong et al., 2017). In severe Aeromonas outbreaks, oral fluid electrolytes replacement is utilized to prevent exhaustion, and widening antibiotics are administered (Dong et al., 2017).
Campylobacter
Campylobacter is a Gram-negative bacterium genus. Campylobacter is motile and generally comma- or s-shaped. Some Campylobacter species may infect people, causing campylobacteriosis, a kind of diarrhea. People can become infected with Campylobacter by eating raw or undercooked chicken or something that has come into contact with it.  They can also get it by consuming other foods, such as fish, meat, and produce, from horse contact and drinking unclean water. An infection causes campylobacteriosis with the Campylobacter bacteria, most often Campylobacter jejuni. It is one of the most frequent bacterial infections in humans, and it is frequently a foodborne disease. It causes an inflammatory, sometimes bloody, diarrhea or dysentery condition characterized by cramps, fever, and discomfort. Hand cleaning, cooking meals at the proper Temperature, avoiding pets, and not drinking unfiltered water are all ways to avoid this bacterium.
Arcobacter
Arcobacter is a Gram-negative, spiral-shaped bacterium of the Epsilonproteobacteria class. It has an exceptionally diverse variety of environments, but some species can be human and animal diseases(Ramees et al., 2017) . Swine and pork are arcobacter sources. Arcobacter is found in both healthy and sick pigs. It has been discovered in aborted pig fetuses, normal fetuses retrieved from a slaughter, rectal, preputial, or vaginal swabs taken from pigs in a herd with fertility difficulties, and specific pathogen-free (SPF) animals. Arcobacter butzleri is a zoonotic pathogen that causes human foodborne bacterial gastroenteritis and has been closely related to Campylobacter jejuni. Prevention of this bacteria includes avoiding pets and ensure food is cooked well.
Gram-positive (non-spore-forming pathogens)
Listeria monocytogenes
Listeria monocytogenes is a pathogenic bacterium that causes leptospirosis infection. It is an anaerobic bacterium that can survive in the presence or lack of oxygen. Past leptospirosis outbreaks in the United States have been related to raw, unpasteurized milk powder and cheeses, ice cream, raw or processed vegetables, raw or processed fruits, raw or undercooked poultry, sausages, and other refined carbohydrates (Drevets & Bronze, 2008). Listeriosis is an infection caused by Listeria monocytogenes, a rod-shaped, gram-positive motile bacterium. The foodborne disease causes fever, muscular pains, and diarrhea in many persons. Infections of this severity can result in headaches, meningitis, convulsions, and death. Cook completely uncooked food from vegetable oils, such as beef, pig, or chicken, as part of the prevention procedure (Aouaj et al., 2002). Before consuming fresh veggies, carefully wash them. Separate raw meats from vegetables, as well as prepared and ready-to-eat meals. Avoid raw (unpasteurized) milk and raw milk-based meals.
Staphylococcus aureus
Staphylococcus aureus is a Gram-positive, round-shaped bacterium that belongs to the Firmicutes family and is a common part of the body's microbiota, commonly found in the autoimmune thyroid tract and on the skin (Byrd et al., 2017). Poultry and cooked meat items such as ham and corned beef were the most commonly implicated in instances of staphylococcal foodborne illness. Milk and milk products, canned food, and bread items were also implicated. Staphylococcus aureus is most harmful, which causes skin diseases and, in rare cases, pneumonia, endocarditis, and osteomyelitis. It frequently results in the development of an abscess. Toxins produced by certain strains induce gastroenteritis, scalded skin syndrome, and blood poisoning. Preventive measures include cleaning your hands thoroughly with soap and water. Cuts and scrapes should be kept clean and bandaged until they heal. Avoid coming into contact with the wounds or bandages of others. Personal goods such as towels, clothes, and cosmetics should not be shared (Byrd et al., 2017).
Gram-positive (Sporeforming pathogens)
Clostridium botulinum
Clostridium botulinum is an anaerobic, rod-shaped spore-forming bacteria that generate a neurotoxic protein. These organisms may flourish in toxin-producing foods under specific conditions (s). When toxin-containing foods are consumed, botulism, a very severe type of foodborne illness, occurs. Food should be refrigerated within 2 hours of cooking. The bacteria cannot produce spores if they are properly refrigerated (Hatheway, 2019). Food should be completely cooked. Food containers that seem broken or bulging should be avoided. (These might be indications of gas generated by the bacteria.)
Clostridium perfringens
Clostridium perfringens is a Gram-positive, rod-shaped, anaerobic, spore-forming Clostridium pathogenic bacteria. Meat, chicken, gravies, and other items prepared in big amounts and kept at a hazardous temperature are common causes of C. perfringens infection. One of the most prevalent causes of foodborne disease is the Staphylococcus aureus bacterium (food poisoning). According to the CDC, these bacteria cause about 1 million infections in the United States each year. C. perfringens can be found on raw meat and poultry and in animal intestines and the environment. Cook food to a safe temperature, especially beef roasts and entire fowl, as part of the prevention method. If the meal will not be served, store it at 140°F or warmer, or 40°F or colder (Hatheway, 2019).
Bacillus cereus
Bacillus cereus is a Dose, rod-shaped, anaerobic bacteria, motile, beta-hemolytic bacteria often found in soil and food. Meats, milk, fruits, and fish have been identified as food contamination related to diarrheal disease. Starchy meals such as rice, potatoes, plates of pasta, sauces, puddings, soups, casseroles, and pastries have been linked to the vomiting type. Bacillus cereus is a foodborne bacterium that may cause two forms of acute gastroenteritis: mesis (vomiting) syndrome or diarrheal disease syndrome (Ehling-Schulz et al., 2019). Vomiting happens following eating contaminated food if the emetic toxin (cereulide) is generated in the meal. One of the simplest methods to avoid foodborne illness caused by B. cereus is to ensure that meals are properly cooked and chilled quickly. The incorrect storage of cooked meals is one of the major causes of B. cereus foodborne illnesses and opiate abusers (Ehling-Schulz et al., 2019).
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