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Abstract: 
Animal food-borne microbes are pathogens that jeopardize food safety and cause illness in humans via natural infection 
or contamination. Most of those microbes are bacteria that have considerable impacts on public health. Their survival and 
pathogenicity are due to toxin production, biofilm development, spore formation, disinfection resistance, and other traits. 
However, detailed information about them is scattered across scientific literature. 
We aimed to compile information about major zoonotic bacteria linked with human food of livestock origin and describe 
their typical features, transmission modes, detection, and preventative approaches. In particular, we addressed the following 
pathogens that cause food-borne disease worldwide: Campylobacter, Salmonella, Listeria, Staphylococcus, Brucella, Clostridium, 
Mycobacterium, Colibacilus, and some others.
Many of those bacteria have substantial reservoirs in food animals, and food products of animal origin are the primary vehicles 
of their transmission. Human beings become affected by food-borne zoonotic bacteria if they consume raw animal products 
or foods produced by using unstandardized slaughtering methods or unsanitary preparation and handling procedures. These 
zoonotic bacteria and their toxins can be detected in food by culturing, serological, and molecular diagnostic methods. They 
are effectively controlled and prevented by good hygiene, good management practices, cooking, and pasteurization protocols. 
In addition, there is a need for a centralized surveillance and monitoring system, as well as higher awareness in society of the 
occurrence, prevention, and control of bacterial pathogens related to food animals.
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INTRODUCTION
Human beings significantly benefit from livestock 

products and services. Livestock occupies around 22–
26% of ice-free land of the globe, with feed production 
covering one-third of farmland [1]. Livestock produc- 
tion accounts for almost 40% of the global agricultural 
GDP in Africa, as well as 33% of protein and 17% of 
all calories consumed worldwide [2]. The production 
also provides significant employment opportunities for 
rural residents [3]. Furthermore, cattle are an important 
source of food, nutrition, livelihood, and income in 
underdeveloped countries [4]. It provides industrial raw 
materials (milk, meat, hides, and skin), as well as high-
value protein, to Ethiopian consumers [5].

Foods of livestock origin play an important role in  
human diet. Nutritionally, they are an important source 
of protein, carbohydrates, vitamins, minerals, and other  

nutrients of good quality. In addition, animal foods are  
generally more distinctive in flavor or texture and are 
often more palatable than foods of vegetable origin. 
However, these livestock-originated foods can be con- 
taminated at any point in the food supply chain: during 
production, processing, distribution, preparation, and/or  
final consumption [6]. This results in food-borne dise- 
ase transmitted to humans through direct or indirect 
contact with the animal source or related goods. The 
consumption of infected raw livestock products, such as 
milk, meat, and eggs, is a major way of transmission [7].

Food-borne diseases, especially those associated with 
livestock products, are a global public health threat [8].  
The occurrence of food-borne diseases in humans in- 
creases as they consume more animal products [9]. The 
increased consumption of animal products (meat, milk, 
and eggs) is fueled by a rapid human population growth, 
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urbanization, rising per capita income, globalization, 
and changing consumer preferences. This leads to a 
large-scale manufacturing and global transportation of 
livestock products with exposure to contaminants and 
food-borne disease transmission [10].

Microorganisms and their toxins, as well as natural 
toxins, adulterants, and other probable contaminants 
in animal products (meat, milk, egg, fish, etc.) pose a 
substantial risk to people [10].  This risk is mostly due to  
poor farming, slaughtering, processing, and cleaning 
techniques used. Moreover, a lack of veterinary servi- 
ces and insufficient food safety regulations are common 
causes of food-borne diseases in developing countries, 
including Ethiopia [11, 12].

Bacterial pathogens associated with foods origi- 
nating from animals and resulting in food-borne disea- 
ses in humans include Salmonella, Campylobacter, 
Escherichia, Listeria, Staphylococcus, Brucella, Clostri- 
dia, Mycobacteria, and others [13]. They are the main 
source of food spoilage and food-borne infections [6].  
Food-borne bacteria are a huge threat to public health, 
and they can cause illness in humans when they con- 
sume animal products contaminated with germs or their 
toxins [12].

Studies conducted in many parts of the world have 
demonstrated that certain bacterial infections related 
to animal-derived foods pose a major threat to public 
health [10]. The majority of their findings, however, are 
scattered across different articles. Yet, scientific com- 
munities and other stakeholders need structured infor- 
mation on this subject.

Therefore, we aimed to: 
– review major zoonotic bacterial pathogens associated 
with foods of livestock origin;
– highlight typical features, detection methods, and 
transmission modes of these pathogens, as well as 
prevention and control measures to overcome their effect 
on humans.

RESULTS AND DISCUSSION
Zoonotic bacteria of livestock-originated food. Bac- 

terial pathogens are the most serious concern among 
biological risks in terms of food safety for consumers, 
and they are among the most common global public 
health problems in recent times [14, 15]. Gram-negative 
bacteria are responsible for about 69% of all cases of 
bacterial food poisoning [16].

Even though a variety of pathogens have been iden- 
tified as causing food-borne diseases, bacteria, such as 
Staphylococcus, Salmonella, Campylobacter, Listeria, 
Escherichia, Brucella, Clostridium, and Mycobacterium, 
are the most common causes of food-borne disease in 
humans  due to the consumption of animal-originated 
foods [6, 13].

Campylobacter. Characteristics. Campylobacter be- 
longs to the Campylobacteria family which contains 
the Arcobacter and Bacteroides genera. Gram-negative, 
curved or spiral, and microaerophilic bacteria make up 
the Campylobacter genus. This bacterium has 28 spe- 
cies and 8 subspecies. Thermophilic Campylobacter spe- 

cies, particularly Campylobacter jejuni and Campylo- 
bacter coli, are significant food-borne pathogens of 
livestock products among these species. The most com- 
monly reported Campylobacter species is C. jejuni, fol- 
lowed by C. coli [12].

Some Campylobacter species are thermotolerant and 
can survive at temperatures ranging from 37 to 42°C, 
with 42°C and pH 6.5–7.5 being ideal for C. coli and 
C. jejuni. They are ubiquitous in nature and have been 
observed colonizing gastrointestinal tracts of wild and 
domesticated birds and mammals, as well as all food 
animals [11].  

Source and mode of transmission. Campylobacter is 
found in 100% of poultry (including chickens, turkeys, 
and waterfowl), cattle, sheep, pigs, and other food ani- 
mals, as well as wild animals and birds [15]. Human 
exposure to this pathogen occurs mainly from the 
consumption of contaminated meat (beef, pork, etc.), 
unpasteurized milk, and milk products like cheese, as 
well as from handling and preparation of contaminated 
foods of livestock origin [11, 17, 18].

As we can see in Fig. 1, Campylobacter invades the  
gastrointestinal tract of animals such as cattle and 
poultry. Due to the spillage of Campylobacter-rich intes- 
tinal material, the surface contamination of carcasses 
is high at the slaughterhouse. Therefore, undercooked 
meat from these animals poses a threat of pathogen 
transmission to human after ingestion [19].

The consumption of unpasteurized milk is one of the 
main routes of C. jejuni transmission to people in both 
developed and developing countries [21]. The partial 
failure of milk pasteurization in the United Kingdom 
causes C. jejuni to spread from cattle to people [22]. 
Unpasteurized raw milk has been linked to 80% of 
C. jejuni infection occurrences in California. Contact 
with cow feces or polluted water, as well as direct con- 
tamination due to bovine mastitis, are all potential 
sources of milk contamination. Pigs are frequently in- 
fected with C. jejuni and C. coli, which should not be 
underestimated. According to a study conducted in the 
United States, contaminated meat, pork, and game were 
responsible for 5% of Campylobacteriosis outbreaks 
between 1997 and 2008 [23].

Detection. Selective culture media, immunological 
techniques, and molecular approaches have been used to 
identify Campylobacter. Selective agars, such as Preston, 
Charcoal-cefoperazone-deoxycholate, and Butzler agars, 
have been developed and tested for their effectiveness 
in isolating Campylobacter. Food samples can be cultu- 
red directly onto a selective media. Following isolation, 
Campylobacter bacteria identification is carried out 
based on their morphological, biochemical, and growth 
characteristics [22].

Biochemical assays, such as the enzyme-linked im- 
munosorbent assay (ELISA), can be employed as an 
alternative to growth on agar, as well as to biochemical 
or phenotypic identification of Campylobacter. The 
polymerase chain reaction (PCR) has recently gained 
popularity for molecular detection and identification of 
Campylobacter [24].
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Prevention and control. The majority of Campylo- 
bacter illnesses comes from eating infected foods of 
animal origin such as meat, milk, and eggs. Therefore, 
Campylobacter infections could be prevented by avoi- 
ding the consumption of unpasteurized milk or under- 
cooked meat. To minimize bacterial populations in 
animals, sanitation and hygiene in livestock barns are 
essential [25]. Campylobacter is found in domestic and 
wild animals, as well as in the environment. Controlling 
Campylobacter infections in humans should start with  
measures to minimize infection rates in animal reser- 
voirs utilized for food production, and therefore the risk 
of their presence in animal-sourced food. Farms should 
use hygiene barriers to keep out wild animals, perform 
regular check-ups of animals, and improve their hand-
washing facilities [26].

Campylobacter-positive animals are separated and 
positive poultry flocks are slaughtered to minimize the 
spread of contamination. Disinfection of feed and water 
equipment, as well as proper treatment of their dung, 
has also been suggested to minimize the incidence of 
Campylobacter colonization in cattle [25]. 

The digestive tract of animals contains a large num- 
ber of Campylobacter species, a possible pollutant of 
slaughterhouses, environment, and food items. The risk  
of infection during animal food processing can be 
minimized by organic acid treatment, UV light, and che- 
mical dip tanks for carcasses. Destroying pathogens or 
limiting cross-contamination in the kitchen via washing, 
freezing, or irradiating can help reduce the bacterial 
transmission to human [27].

Hand washing and separation of ready-to-eat and raw 
foods are recommended. Cutting boards and utensils 
that have been used to handle raw meats should be rin- 
sed in hot soapy water before being used to prepare other  
raw foods. Anyone suffering from an acute diarrheal 
sickness should avoid food preparation areas until their  
condition improves. Raw meat, unpasteurized dairy pro- 
ducts, and exposure to animals with diarrhea should also 
be avoided. Before eating, everyone should wash their 
hands, especially those who work with animals [27, 28].

Non-typhoidal Salmonella. Salmonella infection in  
humans results in one of two outcomes: self-limiting 
gastroenteritis or invasive systemic typhoid fever which 
is mostly caused by the infecting serovars. Salmonella 
serovars are classified into typhoidal and non-typhoidal 
Salmonella. Salmonella enteritidis and Salmonella typhi- 
murium are the most frequent non-typhoidal serovars 
that cause gastroenteritis. Salmonella typhi and Salmo- 
nella paratyphi are typhoidal serovars that cause typ- 
hoid fever. About 10–20 million cases of typhoid occur 
each year, resulting in 100 000–200 000 fatalities in 
humans worldwide [29, 30].

S. enterica is extremely diverse, with over 2600 dis- 
tinct serovars. This necessitates understanding the dif- 
ferences between typhoidal and non-typhoidal Salmo- 
nella as both are of the same species but cause different 
disease manifestations. Compared to typhoidal strains  
that are human host-specific, S. typhimurium and S. ente- 
ritidis have broad host ranges. In terms of epidemiology, 
non-typhoidal Salmonella affects people all over the  
world, whereas typhoidal Salmonella is mostly found 
in underdeveloped nations, such as Southeast Asia and  
Africa. This could be due to a contaminated living envi- 
ronment and low living standards [31].

Characteristic. Salmonella strains are Gram-negati- 
ve, non-spore-forming, rod-shaped, and motile bacte- 
ria that belong to the Enterobacteriaceae family [32]. 
Salmonella multiplies best at 35–37°C, pH 6.5–7.5, with  
little or no oxygen [33]. These heat-sensitive bacteria 
cannot withstand temperatures > 70°C but they can 
survive in dried feces, dust, and other dry materials, 
such as feed and some meals, for a long time [34]. The 
most common serovars of Salmonella that infect live- 
stock and human are shown in Table 1.

Source and mode of transmission. Intestinal tracts 
of animals (agricultural animals, birds, and reptiles) and 
people are the principal habitat of Salmonella species. 
Human food-borne illnesses are caused by Salmonella 
transmission from animal products [35]. Human salmo- 
nellosis is usually caused by the ingestion of contami- 
nated animal products such as meat, pork, and milk [33].

Figure 1 Transmission pathways of Campylobacter [20]
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Infected animals used in food production or conta- 
minated carcasses and edible organs are the most com- 
mon causes of human illness [36]. During slaughtering 
operations, intestinal content can cross-contaminate 
carcasses with S. typhimurium DT104, a multidrug-resis- 
tant definitive type that is primarily transmitted through 
the consumption of infected beef. Meat usually con- 
tains several of the serovars linked to human illnesses.  
S. typhimurium, S. enteritidis, and Salmonella heidel- 
berg were three of the most common serotypes detected 
in meat over the last decade [11]. 

In milk, contamination can arise through a variety of 
routes. During the febrile stage of the disease, animals 
may excrete the organisms in milk. Contaminated fe- 
ces from either a clinically diseased cow or a healthy 
carrier may contaminate milk during the milking 
process. Milk can also be contaminated by dairy wor- 
kers who use unclean water from dirty equipment. 
Salmonella-infected food handlers or sewage-polluted 
water can contaminate food directly or indirectly. The 
contaminated milk, in its turn, results in human illness 
if consumed before proper pasteurization [37].

Since pork is the third most often contaminated meat 
after fresh chicken and turkey, it is the leading cause of 
human salmonellosis in the EU. Therefore, monitoring 
and surveillance efforts have been undertaken across 
the food chain to assess the danger posed by pork to 
the general population and to avoid Salmonella-borne 
outbreaks. Pigs can become infected with Salmonella 
from a contaminated environment, feed, or direct con- 
tact with diseased animals. At the slaughterhouse, car- 
casses can be cross-contaminated with excrements of 
infected or carrier animals causing a public health risk if 
consumed raw [38].

Detection. Salmonella surveillance and monitoring 
should be based on accurate and efficient detection 
technologies to ensure food safety. New selective me- 
dia, modified or adapted conventional processes, im- 
munology-based assays, and nucleic acid-based tests 
are among commercially available, quick methods for 
Salmonella identification [39]. Selective enrichment me- 
dia, such as Salmonella Shigella agar, Hekaton enteric 
agar, or deoxycholate agar, as well as broth, are used to 
culture and isolate bacteria. Food-borne infections are 
identified with immunology-based approaches such as 
ELISA, latex agglutination tests, and immunodiffusion 
tests [40]. Salmonella pathogens are detected via PCR, 
which is a molecular assay [399].

Prevention and control. To control and prevent food  
spoilage caused by Salmonella, biosecurity practices 
must be used in addition to improved food processing 
methods, as well as preparation and storage practices [15].  
Salmonellosis can be reduced by using attenuated DNA 
recombinant live Salmonella vaccines in combination 
with a comprehensive control plan in animals and feeds.  
Humans, especially vulnerable groups, should avoid 
eating raw or uncooked meat, drinking raw milk or  
unpasteurized dairy products, as well as cross-conta- 
minating raw and ready-to-eat foods. After coming into 
contact with animal feces, people should wash their 
hands properly [35].

Food processing and preparation should  involve 
cooking, reheating, pasteurization of milk, sufficient ref- 
rigeration, and the removal of pets and other animals 
from food-handling areas [14]. After handling uncooked 
food, cutting boards, knives, and other tools should be 
washed thoroughly. Uncooked meat should be stored 
away from ready-to-eat cooked food. Additional secon- 
dary contamination control techniques could include 
cleaning and disinfection, personnel hygiene, and ade- 
quate processing [35].

Listeria. Characteristics. Gram-positive, motile, facul- 
tatively anaerobic, non-spore producing, and rod-sha- 
ped bacteria make up the Listeria genus [41, 42]. Of 
ten species in the genus, Listeria monocytogenes is the 
only one that causes listeriosis in humans. The bacte- 
rium can survive at cold temperatures, low pH, and high 
salt concentrations [11]. In a study by Shamloo et al.,  
L. monocytogenes survived a salt concentration of 21% 
at 4°C and pH = 4 for 19 days [43]. The bacterium is also 
resistant to disinfectants and can adhere to a variety of 
surfaces. L. monocytogenes can generate biofilm, which 
can be a cause of contamination in the food processing 
industry [44].

Source and mode of transmission. Raw foods origi- 
nating from livestock are the most common sources of  
Listeria species [45]. Foods containing L. monocytogenes  
include ready-to-eat meat products, ground beef, fish 
and fish products, milk, and pasteurized dairy products 
such as soft cheese and ice cream [41, 46].

Farmers, butchers, poultry workers, and veterinary 
surgeons have been reported to contract listeriosis from  
animal sources as an occupational hazard [46]. At 
risk for invasive listeriosis are immunocompromised 
hosts, such as pregnant women, unborn or newly deli- 
vered newborns, organ transplant recipients, cancer  

Table 1 Major serovars of Salmonella infecting livestock and human [33]

Animal species Salmonella serovars
Cattle Salmonella dublin and Salmonella typhimurium
Sheep Salmonella typhimurium
Pig Salmonella choleraesuis, Salmonella typhimurium, and Salmonella typhisuis
Horse Salmonella typhimurium
Chicken Salmonella pullorum and Salmonella gallinarum
Human Salmonella enteritidis, Salmonella typhi, and Salmonella paratyphi
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and acquired immune deficiency syndrome (AIDS) 
patients, as well as the elderly [46].

In humans, the most prevalent route of infection is 
through eating raw animal products such as meat, milk, 
and pork [47]. The transmission of listeria to humans is 
also facilitated by cross-contamination of ready-to-eat 
foods with raw animal products. The highest incidence 
of L. monocytogenes was found in cow meat (26%) fol- 
lowed by goat meat (25%), and sheep meat (17.9%), 
indicating that red meat is a vehicle for transmission of  
L. monocytogenes to humans [45]. 

Due to low silage quality and insufficient hygiene, 
the dairy farm is a favorable environment for the sur- 
vival and spread of L. monocytogenes from cattle into 
the food chain. L. monocytogenes survival in dairy pro- 
ducts varies depending on the kind of product. For 
example, due to reduced pH and moisture content, 
pathogen development is nearly impossible in hard 
cheese when compared to soft or semi-soft cheeses. The 
first listeriosis outbreak in Europe was linked to fresh 
cheese, and according to an EU baseline study, 0.47% 
of retail cheese samples tested positive for L. mono- 
cytogenes [48].

In pork, L. monocytogenes is usually discovered 
in comminuted meats and is found less frequently in  
freshly-slaughtered pig tissues than in minced pork. 
Contamination can also arise through the use of tools, 
hands, boots, gloves, and aprons by manufacturing  
staff [49].

Detection. Among the procedures used to detect 
L. monocytogenes is enrichment in selective media, 
subsequent plating on agar plates, and other tests for 
species identification. Frequently employed is the two- 
stage enrichment approach with isolation on polymyxin 
acriflavine lithium-chloride Ceftazidime aesculin man- 
nitol (PALCAM) agar and Oxford agar [50]. Mole- 
cular approaches are also increasingly being utilized 
to identify L. monocytogenes from food since they are 
accurate, sensitive, and specific [41].

Prevention and control. Listeriosis can be avoided 
by thoroughly cleaning all food contact surfaces [51]. 
To prevent listeriosis and establish consistent manage- 
ment strategies, food-safety control measures must 
be correctly applied. The most acceptable operational 
approaches are good hygiene, good manufacturing 
practice, and sanitation. To limit the risk of infection, 
vulnerable people (pregnant women, the elderly, and 
those with compromised immune systems) should 
avoid unpasteurized dairy products [52]. Food should 
be protected against L. monocytogenes infection by 
standardized regulatory rules and quality monitoring 
of meat products. Preventing the spread of bacteria at 
different stages of the food production chain is one of 
the most significant techniques to safeguard food from 
harmful microbes [41].

In the meat industry, non-food contact surfaces, 
particularly floors and drains, can be a reservoir of 
L. monocytogenes [49]. These areas must be cleaned 
and sanitized with caution, as they may contaminate 

other areas of the food processing facility. Cooking is 
a good way to protect meat from L. monocytogenes in- 
fection. The ideal processing procedure would extend 
the shelf life and safety of the meat product, without 
compromising its organoleptic or nutritional value, be 
simple and inexpensive to implement, and avoid causing 
consumers health risk [51].

Listeria contamination can be greatly reduced in 
many processed food products by using the Hazard 
Analysis of Critical Control Points (HACCP) system. 
To reduce listeriosis, different nations have adopted 
standards/legislations for the pasteurization of ice cream 
desserts [41].

Staphylococcus aureus. Characteristics. S. aureus 
is the second most frequent food-borne pathogen in  
the world after salmonellosis. It is a commensal mic- 
roorganism that lives on the skin, nose, and mucous 
membranes of healthy people and animals. However, it 
is a well-known opportunistic food-borne pathogen 
that can cause a variety of infectious illnesses of  
varying severity in humans and animals. This micro- 
organism can survive temperatures ranging from 7 to 
48°C, with an optimum of 30 to 37°C, pH 4.2 to 9.3, 
with an optimum of 7.0 to 7.5, and sodium chloride 
concentrations up to 15% [53].

These features allow the bacterium to live in a wide 
range of foods, particularly those that require processing 
alteration, such as fermented products like cheese  [54]. 
S. aureus is a desiccation-tolerant organism that may 
survive in potentially dry and stressful conditions like 
the human nose, as well as on the skin and inanimate 
surfaces like clothing [55].

Source and mode of transmission. Healthy animals 
carry germs in their nasal passages, throats, and skin, 
but S. aureus is commonly seen in raw milk from 
mastitic cows. It can be found in a wide range of hosts, 
including humans and food-producing animals like pigs, 
cows, goats, chickens, and ducks. Food contamination 
with S. aureus can arise directly from infected food-
producing animals or as a result of inadequate hygiene 
during the manufacturing process, as well as during 
retail and storage [53]. 

S. aureus is spread by contaminated animal-source 
foods [54]. Several food materials are regularly linked to 
staphylococcal food poisoning, including milk and dairy 
products, pork, beef, mutton, chicken, and eggs [53]. 
Raw meat provides a favorable medium for S. aureus 
survival and dissemination in the population, especially 
the drug-resistant S. aureus [56].

Methicillin-resistant S. aureus (MRSA) has been 
discovered at significant levels on US and European 
farms and in widely sold meats in various investigations, 
raising concerns among meat workers and consumers. 
Pig, poultry, and cattle are among those meat-producing 
animals which are usually implicated with the pathogen. 
According to a recent study conducted in the United 
States, 45% of raw pork products and 63% of beef pro- 
ducts tested positive for S. aureus. A high prevalence 
of S. aureus was found on retail pork products in Iowa, 
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Minnesota, and New Jersey. These investigations pro- 
vide clue on the role of commercially-distributed meat as 
a possible vector for S. aureus transmission from farm 
to the general population [57].

In dairy herds, S. aureus is a common cause of  
bovine mastitis. The prevalence of Methicillin-suscep- 
tible S. aureus (MSSA) and MRSA was reported to be  
84 and 4%, respectively, in a study conducted in Min- 
nesota to determine the herd prevalence of S. aureus 
in bulk tank milk. Udders with clinical or subclinical 
staphylococcal mastitis can contribute to S. aureus con- 
tamination of milk by excreting the organisms directly 
into the milk. In a 1999 S. aureus incident in Brazil, 
for example, cattle mastitis was the primary source 
of infection, affecting 328 people who consumed un- 
pasteurized milk. Similarly, 293 S. aureus isolates were 
found in 127 bulk tank milk samples from Swiss goats 
and sheep. Those findings revealed that the consumption 
of raw or improperly pasteurized milk poses a signifi- 
cant risk to public health [58].

Detection. The ability to produce coagulase is usu- 
ally the most extensively utilized and widely accepted 
criterion for identifying pathogenic Staphylococci. Man- 
nitol salt agar is a typical medium for the isolation of  
pathogenic Staphylococci. The current standard appro- 
ach for detecting coagulase-positive Staphylococci in 
food is based on selective enrichment and subsequent 
isolation of colonies with distinctive morphology, 
followed by identification using microbiological and 
biochemical confirmations [54]. Immunological and 
molecular biology techniques are also useful tools for 
investigating S. aureus contaminations. For the quick 
detection and identification of MRSA strains, clinical 
laboratories are increasingly using polymerase chain 
reaction [53].

Prevention and control. Staphylococci are wide- 
spread and difficult to eradicate from the environment. 
To prevent staphylococcal infections and poisoning, 
methods to stop various mechanisms of transmission 
are required. Personal hygiene habits among healthcare 
professionals and food handlers should be improved. 
Equally effective are the decontamination of equipment, 
surfaces, and clothing, a judicious use of antibiotics, as 
well as proper cooking and storage of foods [54].

Staphylococcal infections can be prevented by avoi- 
ding contamination and cross-contamination, as well  
as maintaining critical points. Public education on 
safe meat handling and other public health interven- 
tions could be crucial in preventing the outbreak. 
Microbiological standards created by the World Health 
Organization and the US Food and Drug Administration, 
such as the Hazard Analysis and Critical Control Points 
(HACCP), Good Manufacturing Practices (GMPs), and 
good hygiene measures, should be closely followed to 
avoid S. aureus infection. Disinfectants should be used 
to clean areas where MRSA patients are cared for [57].

S. aureus can survive and produce toxins at tem- 
peratures ranging from 6 to 46°C. As a result, the ideal  
cooking and refrigeration temperatures are above 60°C  

and below 5°C, respectively. Other preventive measures 
include serving food quickly when kept at room tem- 
perature, controlling raw food products, disinfecting 
food processing and preparation equipment, wearing 
gloves, masks, and hairnets while handling and 
processing food, as well as frequent hand washing [59].

Escherichia. Characteristics. Escherichia is a Gram- 
negative rod-shaped bacterium that belongs to the Ente- 
robacteriaceae family [60]. The majority of Escherichia 
coli are found in the gastrointestinal tracts of animals 
and humans, whereas some are harmful to humans [61]. 
E. coli is among the most common zoonotic species that 
poses a public health risk [62]. Several life-threatening 
food-borne epidemics have been linked to Shiga toxin-
producing E. coli [63]. 

E. coli O157:H7 is one of the most well-known se- 
rotypes that can infect humans through the ingestion  
of infected animal foods [60]. It is a well-known Shiga 
toxin-producing bacterium that is a prominent food-
borne and zoonotic pathogen [64].

Source and mode of transmission. Many healthy 
animals, including humans, have E. coli in their gut mic- 
robiota. Some strains, however, can cause sickness. 
Cattle, sheep, and goats are the main reservoirs of  
E. coli O157:H7. In outbreaks, milk and dairy products, 
as well as improperly cooked meat and other animal 
food products, have been identified as key sources 
of infection [65]. The consumption of contaminated 
animal food and water, fecal contamination of food pro- 
ducts, and direct contact with sick animals are the most 
common routes of E. coli O157:H7 transmission to 
humans [66].

The global prevalence of E. coli O157:H7 in beef 
was found to range from 0.1 to 54.2% in ground beef, 
0.1 to 4.4% in sausage, 1.1 to 36.0% in nonspecific retail 
cuts, and 0.01 to 43.4% in whole carcasses, according to 
a recent study. The first E. coli O157:H7 outbreak was 
reported in 1982, and it was connected to ground beef, 
which is still the most common source of food-borne 
outbreaks today. In the United States, beef was the cause 
of infection in 78 E. coli O157:H7-related outbreaks [67]. 

Raw milk is a potentially dangerous commodity 
whose microbiological safety cannot be ensured without 
pasteurization or a similar treatment. Cheeses prepared 
from raw milk are extremely prone to bacterial infection. 
If hygiene and process controls are weak, pathogens 
may enter cheese during production. Pathogens, such as  
E. coli O157:H7, can be found in raw milk, and mostly 
they come from milk animals resulting in human 
disease [68].

Detection. During outbreak investigations, sensitive 
methods, surveillance, and quality control are recom- 
mended to detect E. coli O157:H7 [66]. This serotype 
has been detected in food, environmental, and clinical 
samples using a variety of methods including culturing 
in specific media, as well as serological and molecular 
testing [69].

Biochemical assays and culture isolation of E. coli 
O157:H7 remain the gold standard for identification [70].  
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Sorbitol-MacConkey (SMAC) agar combined with cefi- 
xime and potassium tellurite is one of the most sensi- 
tive and discriminating mediums for separating E. coli 
O157:H7 from other E. coli serotypes [69]. Colorless 
colonies will appear if E. coli O157:H7 is present, but 
pink colonies will appear if other Enterobacteriaceae 
are present. Immunoassays and polymerase chain reac- 
tion (PCR) technology have made it possible to iden- 
tify E. coli in food and water more quickly. Other techni- 
ques include enzyme-linked immunosorbent assays  
(ELISAs) [71].

Prevention and control. E. coli-related food poiso- 
ning can be avoided by using the same strategy as is 
used against other bacteria. Implementing intervention 
measures across the food continuum, from farm to table, 
will be necessary for an effective control program to 
significantly reduce E. coli O157:H7 infections. Consu- 
mers can also help implement intervention measures in 
the food handling and preparation process [72].

Pre-harvest E. coli O157:H7 control is a method that  
promotes human health, food, and water safety. The  
pathogen can also be reduced in animals by imple- 
menting proper sanitation procedures throughout food 
preparation, processing, and transportation management. 
Preventive measures include food hygiene such as cor- 
rect meat cooking or intake of pasteurized milk, as well  
as personnel hygiene. With different degrees of success, 
post-harvest intervention strategies are used, such as  
skin and carcass cleaning and the application of anti- 
microbials [70].

The HACCP approach is used to ensure food safety 
in the processing industry. This method does not target  
E. coli specifically, but it addresses biological, chemical,  
and physical risks in general. Food handler training, 
food premise inspections, and community-based educa- 
tion programs were found to be effective in reducing 
public exposure to food-borne pathogens in a systematic 
review of retail and consumer food safety programs. 
Intervention approaches in cattle, such as probiotics, vac- 
cination, antimicrobials, and bacteriophages, provide 
another option for increasing herd resistance to infection 
and subsequent control of E. coli O157:H7. Vaccination 
is a potential method of reducing E. coli O157:H7 
colonization [70].

Brucella. Characteristics. Brucellosis is one of the 
important zoonotic diseases of livestock worldwide. The 
most important Brucella of veterinary and zoonotic im- 
portance that cause abortion and infertility in female 
and male livestock are Brucella abortus, Brucella meli- 
tensis, and Brucella suis [73]. The ability of the patho- 
gen to survive and replicate within different host 
cells explains its pathogenicity. Its persistence in 
macrophages and other cell types leads to chronic 
infections [74].

Source and mode of transmission. In animals, the 
transmission of Brucella can occur either by direct 
or indirect interaction with diseased cattle or their 
discharges. The most common route is ingesting feed 
and drinking water contaminated by the bacteria that 

are present in massive amounts in birth products and 
uterine discharge. Moreover, cattle typically lick their 
fetuses and newborn calves, which can result in bacterial 
transmission to humans [75].

Humans typically acquire Brucella infection by in- 
gesting raw infected meat, unpasteurized milk, or dairy 
products. They can also get infected through abrasions 
that come into contact with fluids or tissues of aborted 
fetuses of diseased cattle, as well as other work-related 
practices. Abattoir, farm, and laboratory workers, as  
well as veterinarians, are known risk groups for Bru- 
cella infection [76].

Detection. The test samples from which DNA can 
be extracted most commonly for brucellosis diagnosis 
include aborted fetuses and food products, such as milk 
and other foods. The most reliable samples in animals 
for Brucella isolation are spleen as well as lymph no- 
des (iliac, mammary, and pre-femoral) during the post-
mortem inspection [77].

O’Grady et al. compared cultural and serological tech- 
niques to isolate B. abortus from paired supra-mammary, 
retropharyngeal, and internal iliac lymph nodes of sla- 
ughtered animals [78]. Although the micro serum 
agglutination test and the fluorescence polarization assay 
were found to be comparatively more sensitive, bacterial 
culture methods should always be employed for Brucella 
confirmation [79].

Prevention and control. Brucellosis in animals may 
 be controlled by a strict enforcement of measures 
including testing and slaughtering, vaccination, sani- 
tation, and movement control. The knowledge of brucel- 
losis and its presence in different livestock species is 
essential for the effective implementation of control 
measures in food safety. Quarantine and immunization 
of animals with vaccines are also among important 
measures of prevention and control [77].

The lack of awareness among farmers and the ab- 
sence of an effective control strategy have made the 
situation favorable for Brucella. Therefore, animal ow- 
ners should be made aware of the health impact of 
brucellosis and the importance of vaccinating their 
livestock. Public health education should emphasize  
food and occupational hygiene. Avoiding or discou- 
raging the consumption of raw milk and dairy products, 
as well as strict protection and safety measures among 
health workers, will help prevent brucellosis in the 
human population [80].

Clostridium botulinum. Characteristics. C. botuli- 
num is a bacterium that produces a dangerous toxin 
which is reported to be one of the most known lethal 
substances [81]. C. botulinum can colonize the intestinal 
tract of animals and produce botulism neurotoxin. 
During unfavorable conditions, C. botulinum forms a  
spore that survives standard cooking and food-pro- 
cessing measures. However, the spore is sensitive to  
an aerobic environment, acidic pH, and high salt solu- 
tions [82]. Spore germination and toxin production 
are achieved when foods are exposed to anaerobic 
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conditions, pH > 4.6, low salt and sugar concentrations, 
and temperatures from 4–12°C [83].

Source and mode of transmission. Botulism is 
known to affect mammals, birds, and fish, although 
some species seem to be more susceptible than others.  
This disease is reported regularly in horses, domes- 
ticated ruminants, poultry, wild birds, and aquatic 
animals. Botulism is not transmitted between animals or 
people by casual contact. However, it can be acquired by 
ingesting preformed toxins. Humans contract the toxin 
by ingesting contaminated livestock products [84].

C. botulinum strains are responsible for numerous 
botulism outbreaks in humans. Uncooked or minimally 
heated, chilled livestock products are often involved in 
the transmission of botulism to humans. C. botulinum is 
a safety risk in home-made or industrial foods that are 
uncooked or processed with mild heat treatments, as 
well as stored for long periods even at low temperatu- 
res [85]. Meat can be contaminated with fecal C. botuli- 
num spores during processing at the slaughter house. 
Pork meat preparations carry an important risk of 
botulism in several countries such as France and Poland. 
In France, type B botulism caused by home-made pre- 
parations of pork meat is the most prevalent food-borne 
botulism [86].

Raw milk contamination by C. botulinum results es- 
sentially from the cattle environment. Indeed, in farms 
with a botulism outbreak, the diseased as well as non-
symptomatic animals excrete large numbers of C. botu- 
linum spores in their feces that are subsequently spread 
in their local environment, including soil and pasture. 
Diseased cows are unlikely to excrete botulinum neu- 
rotoxin in milk. The toxin is very rarely detected in the 
serum of cattle with botulism. Thus, the passage of a 
significant amount of botulinum neurotoxin into milk 
is very low, with very few outbreaks of human botulism 
via milk products reported. A report by  Dąbrowski and 
Mędrala shows the presence of botulinum neurotoxin B 
in the milk of a cow suffering from mastitis [87].

Detection. Food-borne botulism is initially suspec- 
ted based on the clinical case of the patient. It can be 
confirmed through a laboratory identification of bo- 
tulinum neurotoxin and/or those clostridia that produce 
the toxin in clinical specimens or in suspected food 
sources consumed by the patient [87].

Several methods are used to detect the toxin. The 
intra-peritoneal injection of the bacteria to mice remains 
the most reliable, sensitive, and definitive of all the 
methods. The presence of C. botulinum is detected by  
injecting the food extract into mice, which are then 
observed for characteristic symptoms of botulism and 
ultimate death over a 48-h period. The mouse bioassay 
is the only standard validated method for the detection 
of botulinum toxin in foods [88].

Prevention and control. The toxins are typically sen- 
sitive and their spores can be destroyed by heating 
to 85°C for 5 min or by wet sterilization at 120°C for  
5 min. Veterinarians who encounter or suspect botulism 

should follow their national and/or local guidelines  
for disease reporting [89].

Feed for animals may be heat-processed and aci- 
dified to reduce the risk of botulism. Carcasses should 
not be allowed to contaminate feed for herbivores, and 
silage should be monitored for proper acidification. Re-
using broiler litter on ruminant farms as feed or bedding 
increases the risk of botulism. When broiler litter is 
spread on fields, it should be plowed in immediately. 
Ruminants with dietary deficiencies should be given 
feed supplements to reduce the incidence of pica. Vac- 
cines may be available for horses, cattle, sheep, goats, 
mink, and/or birds in some countries [89].

In humans, the risk of botulism from foods can 
also be reduced by acidification, moisture reduction, 
and treatment with salt or other compounds known 
to inhibit clostridial germination before consumption. 
Humans should avoid foods from animals with botulism, 
including meat and milk. Person-to-person transmission 
of botulinum has never been described, but precautions 
should be taken to avoid exposure to toxins in body 
fluids and feces [57].

Clostridium perfringens. Characteristics. C. perfrin- 
gens belongs to the Bacillicidal family and is an impor- 
tant cause of food-borne disease. It produces protein 
toxins and forms spores resistant to various environ- 
mental stresses such as radiation, desiccation, and heat.  
Vegetative cells grow at temperatures ranging from 6 
to 50°C but prefer an optimum temperature between 
43 and 47°C, a salt concentration less than 5–8% de- 
pending on the strain, and a pH of 5.0–9.0, although  
6.0–7.2 is preferred. C. perfringens is part of the normal 
intestinal flora of animals and humans [90].

Source and mode of transmission. C. perfringens thri- 
ves in high-protein foods of animal origin, such as 
meat and meat products, meat dishes, and milk. These 
protein-containing foods, when kept at improper storage 
temperatures between 12 and 60°C, provide the greatest 
risk of infection and disease from C. perfringens. This is 
because its spores present after cooking can germinate 
and potentially grow to high numbers. The risk zone is 
between 43 and 47°C [91].

Foods can be contaminated during food production, 
processing, preparation, transportation, and storage. The  
initial contamination of foods implicated in C. perfrin- 
gens outbreaks might have occurred in the environment, 
since C. perfringens is ubiquitous in soil, in intestinal  
tracts of animals, and in a variety of ingredients. Raw 
meat and dairy products can become contaminated if  
the animal is infected. If consumed raw or after insuf- 
ficient cooking, these foods may result in bacterial 
proliferation and toxin production [90].

Detection. Food samples are inoculated into Rapid 
Perfringens Media (RPM) overnight, then sandwiched 
into tryptose sulphite cycloserine (TSC) agar, and in- 
cubated. Colonies suspected to be C. perfringens are  
then sub-cultured into RPM and incubated again. Typi- 
cal C. perfringens colonies from agar plates are selec- 
ted and inoculated into a tube of freshly deaerated and 
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cooled fluid thioglycollate broth. They are incubated 
in a standard incubator at 35°C for 18–24 h. Then, the 
cultures are examined by Gram stain and checked for 
purity. C. perfringens is a short, thick, yellowish gray 
Gram-positive bacillus. DNA is extracted and PCR can 
also be performed to determine its genotype [92].

Prevention and control. Thermal treatment is one 
of the most common ways of sterilizing products, as 
excessive heat destroys the majority of bacterial cells. It 
has been reported that C. perfringens spores are highly 
heat-resistant, although the resistance patterns vary 
considerably with the strain and growth conditions, such 
as the medium and incubation temperature. However, a 
significant inactivation of C. perfringens spores can be  
achieved by exposing them to high temperatures for a 
longer period of time. Additionally, cooked food must  
be chilled rapidly to 41°F (5°C) or less, or kept at hot hol- 
ding temperatures of 140°F (60°C) or higher to prevent 
any activation and growth of C. perfringens spores [93]. 

Different types of chemical agents have been proven 
to be effective in controlling C. perfringens such as 
acetic acid, organic acids, nitrates, and phosphates. 
In animals, vaccination can be used to control  
C. perfringens B and C [94].

Mycobacterium bovis. Characteristics. The Myco- 
bacterium genus includes non-spore forming, obligate 
aerobic, facultative intracellular species. The bacteria’s 
cell walls are rich in lipid, which greatly contributes to 
their resistance to many disinfectants, common labo- 
ratory stains, and antibiotics [95]. M. bovis is the main 
etiological agent of bovine tuberculosis. While the 
bacteria primarily affect the cattle and other domestic 
and wild animals, they can also affect human beings [96].

Source and mode of transmission. M. bovis is one 
of the bacteria recognized as a major public health 
concern. M. bovis is the cause of zoonotic tuberculosis 
in humans, which can be transmitted to people from 
infected vertebrate animals. It is the most common 
cause of tuberculosis in humans and cattle [97]. In- 
halation and ingestion are two common modes of 
transmission. Inhalation transmission is mainly by 
droplet infection. Animals and humans can inhale dust 
contaminated by sputum, feces, or urine of infected 
animals. Thus, close housing and overcrowding, along 
with improper management, increase the risk of the 
disease in animals. Infected cattle are a possible 
source of infection as they shed a significant amount of  
M. bovis through droplets into the environmental. They 
may act as a source of intra-herd transmission either 
directly (animal-to-animal), particularly by aerosol, or 
indirectly, via infective material (e.g., manure, urine, 
bedding, contaminated feed, and water) [96].

M. bovis is transmitted from animal to human thro- 
ugh ingestion of unpasteurized dairy products and 
undercooked meat of infected cattle [96]. In an estimate, 
about 10% of human tuberculosis cases are caused by  
M. bovis, while the majority are caused by M. tuberculo- 
sis. In the countries where milk is pasteurized and 
effective bovine tuberculosis control is implemented, 

tuberculosis occurrence in humans due to M. bovis is 
very rare. However, in the areas where the disease in 
bovine is poorly controlled, the disease reports are more 
frequent [98]. 

Detection. Different tests can be undertaken to de- 
tect M. bovis in food samples. The identification of 
M. bovis in raw milk has been described in Tanzania. 
Microbiological culture remains the gold standard test 
for detecting Mycobacterium species in clinical samples 
due to its sensitivity and specificity. When tuberculosis 
lesions are found in a carcass during meat inspection at 
routine slaughter, a sample of the affected tissue is also 
sent for mycobacterial culture testing [99].

Enrichment selective media are required to isolate 
Mycobacterium species, especially those containing egg, 
which is commonly used in veterinary microbiology. 
One of them is the Lowenstein-Jensen medium made 
with egg and glycerol favors. After culture, other tests  
are carried out, such as species identification, antimic- 
robial susceptibility profile, genotyping, as well as moni- 
toring the human patient’s response to treatment [100].

Prevention and control. Tuberculosis needs to be 
prevented and controlled because it causes a loss of pro- 
ductivity in infected animals and poses a risk of infec- 
tion to humans. However, it is still a big problem 
in most developing countries because of financial 
constraints, scarcity of trained professionals, and lack 
of political will. Moreover, national governments and 
donor agencies seem to underestimate the importance of 
zoonotic tuberculosis in both animal and public health 
sectors. Therefore, control measures are not applied or 
applied inadequately [101].

Cattle with tuberculosis must be slaughtered, rather 
than treated. This is due to the fact that M. bovis is re- 
sistant to pyrazinamide, which is widely used in the 
treatment of infections caused by Mycobacterium tuber- 
culosis in humans. Meat inspection systems should  
be strengthened and designed to prevent the consump- 
tion of contaminated products by people. All animals 
entering the food chain should be subjected to ante-
mortem and post-mortem inspection. The tuberculin 
test is valuable in the control of zoonotic tuberculosis 
because early recognition of preclinical infection in the 
animals intended for food production eliminates a future 
source of infection for humans [102].

Standard public health measures used to manage 
patients with contagious M. tuberculosis should be 
applied to contagious patients with M. bovis to stop 
person-to-person transmission. Hygienic measures 
should be instituted to prevent the spread of infection. 
Food containers should be cleaned and thoroughly 
disinfected, while the consumption of unpasteurized 
milk, as well as undercooked or raw meat, should be 
avoided [96].

CONCLUSION
Food-borne zoonotic bacterial infections are the 

primary causes of human illness worldwide, with a 
high burden in developing countries. Campylobacter, 
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Salmonella, Listeria, Staphylococcus, Escherichia, Bru- 
cella, Clostridium, and Mycobacterium are the most im- 
plicated bacterial pathogens to be found in animal pro- 
ducts either from intrinsic infection or environmental 
contamination with the pathogens or their toxins. Mo- 
reover, these bacteria may also infiltrate into the food 
chain at any stage and affect public health. More 
importantly, due to the rise of multidrug-resistant 
strains, most of the bacterial diseases cannot be cured 
with previous conventional medicaments, exacerbating 
the problem.

International scientists have regularly isolated 
the bacteria from food of animal origin, particularly 
meat, dairy products, and eggs. People may be more 
susceptible to food-borne zoonotic bacterial infections 
if they consume raw livestock products, meat supplied 
from poorly standardized slaughter houses, or use un- 
sanitary food preparation and handling procedures. 
This calls for a vigorous implementation of effective 
prevention and control strategies in all food supply 

chains to ensure food safety. To this effect, the follo- 
wing recommendations have been put forward:
– coordinated surveillance and monitoring systems for  
food-borne zoonotic bacterial pathogens should be ap- 
plied to alleviate their impact on public health;

– the epidemiological information system should be estab- 
lished to cover potential risk factors and incidence of 
human infections associated with food-borne zoonotic 
bacterial pathogens; and 
– awareness should be raised in the community have the 
occurrence to prevent and control of food-borne zoo- 
notic bacterial pathogens of livestock origin in humans.
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