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INTRODUCTION 

 
Animals encounter various emerging and re-emerging 
diseases caused by various infectious pathogens. A few of 
these diseases can cross the species barrier and pose a 
serious public health concern, leading to economic 
burden as well. Foods of animal origin like milk, meat, 
eggs and shellfish are essential components of human diet 
(Newell et al. 2010; Wiwanitkit 2018). However, food 
products containing pathogens like bacteria, viruses, 
parasites, or chemical substances, are responsible for 
causing more than 200 diseases globally. The severity of 
these diseases ranges from self-limiting diarrhea to fatal 
cancerous conditions (Oliver et al. 2005). It has been 
estimated that 1 out of 10 people in the world suffer from a 
disease resulting from eating contaminated food (Dhama 
et al. 2013). The persistence of foodborne diseases hampers 
socioeconomic development by overloading health care 
systems, ultimately damaging the national economy. 
Children under 5 years of age contribute to majority (40%) 
of cases caused by these foodborne pathogens (Addis and 
Sisay 2015). 
Among five categories of foodborne diseases, allergies, 
metabolic food disorders and idiosyncratic illnesses affect 
only a limited number of the population. Contrarily, 
infections and intoxication can cause pathological 
conditions in almost every person (Butler et al. 2015). 
Because the pathogens are ingested with food, these 
foodborne diseases mainly affect small intestine, a part of 
gastrointestinal tract (GIT). The food digestion and 
absorption are carried out mainly in the small intestine, 
which receives secretions from liver and pancreas. These 
secretions constitute various enzymes to digest 
carbohydrates, proteins and fats (Abebe 2020). 
 
Diarrhea 
 
Most of foodborne bacterial diseases cause severe 
debilitating infections like meningitis or severe diarrhea. 
Diarrhea is an acute syndrome of GIT caused by various 
pathogens and their toxins (Camino et al. 2017). The word 
“diarrhea” is derived from the Greek term “diarrhein” 
meaning “to flow through”. It is a symptom of 
gastroenteritis and can be defined as increase in fecal 
volume, fluid content, and frequency of the bowel 
movements (Tortora et al. 2021). Physiologically, diarrhea 
can be induced due to secretion of solutes, increased 
intestinal motility, intestinal structural abnormalities, and 
unabsorbed solutes (Curtis et al. 2000). Diarrhea can also 

be caused due to virulence factors produced by the 
replicating bacteria or due to ingestion of preformed 
toxins (intoxication) (Pearmain and Moor 2016). 
Infectious diarrhea can be caused by a variety of different 
pathogens, including bacterial pathogens, as described in 
Fig. 1 (Rouger et al. 2017). The bacterial pathogens cause 
diarrhea by two basic mechanisms: 
 
Toxigenic diarrheal disease 
 
In this disease, enterotoxins secreted by bacterial 
pathogens disrupt physiological mechanism of small 
intestine, after attaching with epithelial cells. These 
enterotoxins enhance the secretion of electrolytes and 
result in loss of water. In toxigenic diarrheal disease, 
bacterial pathogen does not invade the epithelial tissues, 
thus results in a condition known as secretory diarrhea 
(Chess 2020). 
 
Invasive diarrheal disease 
 
Sometimes, a pathogen invades the tissues of the small or 
large intestine, damaging the epithelial lining and under 
lying tissues (Ribet and Cossart 2015). Invasion of the 
deeper tissues results in severe form of dehydration, 
which is a major cause of death in children (under 5 years 
age) worldwide. Ulceration of the lining, and damage to 
deeper tissues, may lead to appearance of blood in the 
stool, a condition known as dysentery (Chess 2020). 
 
Meat Borne Diseases 
 
Flesh of some animals, which is used as food by humans, is 
known as meat. Meat is commonly derived from 
mammalian, avian, aquatic, reptilian and amphibian species. 
There are two main types of meat, commonly known as red 
and white meat, depending upon the concentration of 
myoglobin in muscle fibers. Meat is an excellent source of 
high-quality proteins, vitamins, bioavailable minerals, and 
contains all essential amino acids, which cannot be 
synthesized endogenously (Dilger 2017). 
Among food products, raw foods of animal origin are most 
likely to be contaminated with pathogens. These foods 
include unpasteurized milk, raw eggs, raw meat, and raw 
shellfish (Artursson et al. 2018). Depending upon the 
health status of the animals and sanitary condition during 
meat processing, meat can harbor a wide variety of 
pathogens that can be transmitted to humans 
(Vongkamjan et al. 2015). These pathogens, including 
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viruses, bacteria, fungi, and parasites, can enter the food 
chain by directly infecting the animals or by 
contamination during meat processing due to poor 
sanitation practices and personal hygiene (Gómez et al. 
2020). The meat borne diseases (MBDs) are commonly 
classified into meat borne infections, meat borne 
intoxication, and meat borne toxico-infection, as 
described in Fig. 2 (Bintsis 2017).  
Several bacterial pathogens are involved in majority of 
meat borne infections. There are many bacterial species 
known for contaminating domestic meat species like beef, 
lamb, pork, and poultry or there are some bacteria 
entering during the meat processing. These bacterial 
species include, E. coli, non-typhoidal Salmonella, 
Campylobacter, Shigella dysenteriae, Listeria 
monocytogenes, Brucella species, Yersinia enterocolitica, 
Mycobacterium bovis, and bacterial species responsible for 
food intoxication like Staphylococcus aureus, Clostridium 
species, and Bacillus cereus (Bauerfeind et al. 2016).  
The sources of these bacterial pathogens in meat and meat-
related products include animals itself, environmental 
sources, human handlers, water used during processing, or 
contaminated equipment (Castro et al. 2016). Therefore, 
only preventing diseases in food animals may not be 
sufficient to control the MBDs but a strict hygienic 
precaution should also be implemented during meat 
processing to minimize the MBDs (Burlage 2011).  
The correct source of the diseases is usually difficult to 
know because it will take several days or weeks to develop 
signs and symptoms of the MBDs. So, commonly the most 
recent meal receives the responsibility, but it may not be 
the contaminated meal. The detection of the bacterial 
pathogen from the sample of food can help to confirm the 
causative agent. However, it may not be possible always 
because mostly the food samples are not available for 
detection of the pathogen to confirm the exact source of 
infection (Christine et al. 2017). 
Red and white meat are commonly contaminated with 
variety of mesophilic and psychrotrophic bacteria. These 
bacteria may be pathogens of animals and birds itself or 
might have entered during processing of raw products 
(Lund and O’Brien 2011). The majority of these diseases are 
zoonotic in nature and these are transmitted to humans 
directly or indirectly (Lim et al. 2010). Like foodborne 
diseases, MBDs are also categorized into two main types 
i.e., meat borne infections and meat borne intoxications 
(Noor 2019). The concept of “farm to fork” must be 
implemented to minimize contamination of meat or meat 
products (Collineau et al. 2020). The meat supply chain 
from farm to consumers has been illustrated in Fig. 3 
(Bhunia 2018). This chapter will discuss the important 
meat borne bacterial pathogens and diseases caused by 
these bacterial pathogens with respect to public health. 
 
Escherichia coli 
 
The bacterium E. coli was first isolated from a fecal sample 
by Theodor Escherish in 1885. E. coli is a Gram-negative, 
non-spore forming, and facultatively anaerobic bacillus. It 
is a commensal microbe, habituating the human and 

animal intestinal tracts (Croxen et al. 2013). The strains of 
E. coli are classified based on O-antigen (Somatic), H-
antigen (Flagella) and K-antigen (Capsule). There are 174 
somatic-antigens, 53 flagellar-antigens and 80 capsular-
antigens (Tuo et al. 2020).  
The most of serotypes of E. coli are responsible for causing 
diarrhea or intestinal diseases, while others are 
responsible for causing non-intestinal diseases (Chitarra et 
al. 2014; Moxley et al. 2020). Animals act as primary 
reservoirs for this bacterium and the pathogen can be 
transferred to humans via animal products that act as 
vehicle, or by direct contact (Avery et al. 2004; Roche et al. 
2010). The transmission of E. coli to humans from various 
sources is summarized in Fig. 4. 
There are several pathotypes of E. coli on the basis of 
occurrence of certain virulence factors. These pathotypes 
are capable of causing diseases in humans and animals, as 
described in Table 1 (Ahmed and Shimamoto 2015; Manges 
2016). The virulence factors responsible for causing 
diseases may vary among different pathotypes 
(Fleckenstein and Kuhlmann 2019). However, there are 
some common pathological mechanisms shared by all 
pathotypes to induce diarrhea, which are as under: 
1. Causing damage to epithelial cells after adherence 
2. Affecting ion pumps 
3. Increasing fluid loss 
4. Altering cytoskeletal assembly  
5. Causing cell death 
Although, most strains of E. coli are harmless inhabitants 
of human and animal GIT, but a small percentage of these 
strains are pathogenic to both humans and animals 
(Munns et al. 2015). The outbreaks of E. coli are usually 
attributed to contaminated food products, including meat 
(Gyles 2007; Pereira et al. 2014). Among pathotypes of E. 
coli, EHEC can cause life-threatening diseases like 
hemolytic uremic syndrome and hemorrhagic colitis 
(Callaway et al. 2009). The main serotype associated with 
EHEC is O157:H7 (King et al. 2014). The inability to 
ferment sorbitol is commonly used to distinguish O157:H7 
from other commensal strains. Being primary reservoir of 
EHEC, intestines of cattle can harbor EHEC without any 
disease. EHEC can also be present in GIT of other 
domestic animals (Byrne et al. 2020). Generally, foods of 
animal origin have been associated with several outbreaks 
in developing and developed countries. It has been 
demonstrated that EHEC is present in various animal food 
products, like ground beef, poultry, lamb, pork, and raw 
milk (Baran et al. 2020). The diarrheal diseases are usually 
preventable through avoiding potentially contaminated 
foods, proper hygienic measures during food preparation 
and by thorough cooking (Irshad et al. 2020). 
 
Salmonella 
 

This bacterial pathogen causes Salmonellosis, which is the 
third most common cause of mortality among foodborne 
diseases. Microbiologically, this enteric bacterial genus 
includes Gram-negative facultative anaerobic bacilli. It is a 
member of the family Enterobacteriaceae. The genus 
Salmonella is divided into two species, Salmonella enterica 
and Salmonella bongori (Guerrini et al. 2021).  
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Table 1: Pathotypes of E. coli, important toxins, and diseases 

E. coli pathotypes Disease Important toxins 

Intestinal pathogenic E. coli  
Enterohemorrhagic E. coli (EHEC) or Shiga 
toxin-producing E. coli (STEC) 
O157:H7 is the most important pathogen of E. coli 

Diarrhea, hemorrhagic colitis, hemolytic-
uremic syndrome 

Shiga-like toxin (Stx), enterohemolysin 
(EHly) 

Enterotoxigenic E. coli (ETEC) Acute watery diarrhea Heat-stable toxin (ST) 
Heat-labile toxin (LT) 

Enteroinvasive E. coli (EIEC) Acute dysentery Shiga-toxin 
Enteropathogenic E. coli (EPEC) Acute and/or persistent diarrhea  
Enteroaggregative E. coli (EAEC) Persistent watery diarrhea Enteroaggregative heat-stable (EAST), 

Plasmid-encoded toxin (Pet), Enterotoxin 
Diffusely adherent E. coli (DAEC) Watery diarrhea in children Secreted autotransporter toxin (SAT) 
Adherent invasive E. coli (AIEC) Diarrhea, inflammatory bowel diseases  
Extraintestinal pathogenic E. coli (ExPEC)  
A. Uropathogenic E. coli (UPEC) Urinary tract diseases Hemolysin (Hly) 
B. Sepsis-associated E. coli (SepEC) Sepsis Invasion (lbe) 
C. Neonatal meningitis E. coli (NMEC) Meningitis in newborns  
D. Avian pathogenic E. coli (APEC) Colibacillosis in fowls  

 

 
 
Fig. 1: Parts of human GIT affected by meat borne bacteria 
After the ingestion of contaminated meat or meat products, 
bacteria or bacterial toxins can induce infections in different 
parts of the human GIT (Noor 2019). (1) Infection in the liver. (2) 
Bacteria are adsorbed into the intestinal epithelial cells that 
leads to induction of inflammatory immune response. (3) 
Replicating bacteria replicate without penetration or produce an 
invasive disease due to intestinal penetration. (4) Combined 
effects of bacterial invasion, bacterial virulence factors and 
inflammatory immune response lead to diarrheal stool or 
dysentery. 
 

 
 
Fig. 2: Flow diagram showing various forms of MBDs 
Meat contaminated by bacterial pathogens can induce 
intoxication, infection, or toxico-infection in humans. 

 
 
Fig. 3: Meat production and supply chain network 
MBDs can be minimized by controlling the contamination by 
pathogens at all levels of meat supply chain (Zwirzitz et al. 
2020). 
 

 
 
Fig. 4: Transmission of E. coli to humans from various sources 
(adapted from Bhunia 2018). 
Meat act as a primary vehicle to transmit the pathogen to 
humans. However, humans can also get infected via animal-to-
person contact, contaminated water, milk and contaminated 
fruit and vegetables (Steele and Odumeru 2004). Moreover, 
secondary transmission (person-to-person) can also spread the 
disease within a population. 
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Salmonella enterica is further divided into about 2659 
serovars, depending upon vertebrate hosts. Among these 
serovars, 1547 belong to subspecies enterica, almost all of 
these serovars (99%) are capable of infecting humans and 
animals (Issenhuth-Jeanjean et al. 2014; Radhika et al. 
2014). Salmonella serovars can be classified on the basis of 
host restriction, as under: 
 
Host-restricted serovars 
 
These serovars are capable of infecting single host species, 
causing typhoid like disease. The examples of this group 
include S. pullorum and S. gallinarum in poultry (Alali et 
al. 2010) and S. typhi and S. paratyphi in humans (Gal-Mor 
et al. 2014). 
 
Host-adapted serovars 
 
These serovars are usually capable of causing disease in 
one host species, however these can also infect other host 
species. The examples of this group include S. typhisuis 
and S. choleraesuis (Barco et al. 2013). 
 
Broad-host-range serovars 
 
These serovars are capable of colonizing in the GIT of a 
number of different animals but they rarely cause systemic 
infections (Nawaz et al. 2020). Among a large number of 
zoonotic serovars in this group, nontyphoidal serovars 
(NTS) are the most common serovars infecting different 
animals and humans. The examples of NTS include S. 
enteritidis and S. typhimurium (Ahmad et al. 2020). 
The diseases caused by Salmonella are of major concern 
for public health, especially in low-income countries due 
to high mortality in these countries (Chousalkar and Gole 
2016). A WHO study has depicted that NTS had a great 
impact on global health due to foodborne transmission, 
especially in south-east Asia, Africa, and Eastern Europe 
(Marzel et al. 2016). The scientists used different 
nomenclature for this genus but now CDC has approved a 
nomenclature, as summarized in Table 2 (Issenhuth-
Jeanjean et al. 2014). 
Salmonellae are Gram-negative, non-spore forming, non-
lactose fermenting, facultative anaerobe, and flagellated 
enteric bacilli, causing systemic diseases in variety of 
different hosts. The most subspecies of Salmonella can 
grow at a wide temperature range, with optimum 
temperature range of 35-37oC. Salmonella species possess 
three main antigens: Flagellar antigen (H antigen), 
Somatic antigen (O antigen) and Vi antigen (Boyen et al. 
2008; Bahramianfard et al. 2021). 
NTS rarely cause severe disease in healthy adult animals, 
while young animals are at higher risk of getting severe 
Salmonellosis. Both NTS and typhoidal Salmonella are 
naturally acquired by ingestion (Hoelzer et al. 2011). After 
ingestion, stomach acidity reduces the number of the 
ingested microbes. The survived pathogens can establish 
themselves in the small intestine to induce an infection 
(Santos 2014). The typhoidal Salmonella bacteria spread to 

lymphoid tissues to cause systemic infection after 
interacting with microfold (M) cells of the intestine 
(Jepson and Clark 2001). These pathogens can survive 
within dendritic cells and macrophages after phagocytosis 
due to their ability to resist respiratory burst within these 
phagocytes (Nix et al. 2007).  
Eventually, they are disseminated to various body parts 
via lymphatic system or blood circulatory system. NTS 
serovars remain confined to intestinal lumen and produce 
strong immune response in the intestinal lumen (Winter 
et al. 2010). While typhoidal serovars have the ability to 
cross this intestinal barrier and these serovars remain 
relatively undetected by the immune system, as 
summarized in Fig. 5. 
The antimicrobial drugs can inhibit (bacteriostatic) or kill 
(bactericidal) the bacterial pathogens by disrupting 
essential mechanisms of the bacterial replication. The 
ability of the bacteria to resist the effect of these 
antimicrobial agents is known as antimicrobial resistance 
(AMR). The bacterial pathogens can acquire this 
resistance horizontally by gene transfer or become 
antimicrobial resistant due to chromosomal mutation 
(Cosby et al. 2015). Some of the bacterial strains are 
intrinsically resistant to some antimicrobial agents due to 
inherent functional or structural characteristics (Atabey et 
al. 2021). 
The persistence of AMR in Salmonella serovars is alarming 
for public health system (Rahman and Mohsin 2019). The 
level of expression of AMR in Salmonella serovars may 
also greatly differ (Cummings et al. 2013). Some serovars 
are capable of resisting against multiple types of drugs, 
thus named as multidrug resistant (MDR) bacteria (Call et 
al. 2008; Pinheiro 2020). It has been reported that about 
5% of NTS isolated from human infections were resistant 
to five or more antimicrobial drugs. The emergence of 
MDR serovars of the Salmonella has exacerbate the 
situation regarding AMR worldwide (Bahramianfard et al. 
2021; Yasmeen et al. 2020). 
The continuous surveillance is considered primary action 
to control the persistence of zoonotic diseases. The early 
detection and removal of the input source of the 
Salmonella may help to lower the cases of meat borne 
Salmonellosis cases (Hume et al. 2017). Although control 
plans may differ among countries, they are based on the 
comparable goals and principles (Khen et al. 2014). These 
are comprised of implementing minimum preventive 
measures to control infection in the flocks, detection of 
Salmonella infection through continuous surveillance and 
implementing the stringent control measures once 
Salmonella is detected in the flock (Fraser et al. 2010; 
Nawaz et al. 2021). So, it is recommended that flocks are 
tested to detect Salmonella serovars at various stages of 
production during farming and implementing strict 
control measures if the pathogen is detected in the flock or 
farm. Lack of general farm hygiene may increase the 
prevalence of Salmonella in animals (Stevens et al. 2009). 
Therefore, strict biosecurity measures are considered the 
main barrier against entry, spread and transmission of 
Salmonella on farms (Andres and Davies 2015). 



 

Veterinary Pathobiology and Public Health  

220 Ali et al. 

Table 2: Salmonella nomenclature and number of serovars reported 

Species Subspecies Number subspecies Number of serovars 

Salmonella enterica Enterica I 1586 

Salamae II 522 

Arizonae IIIa 102 

Diarizonae IIIb 338 

Houtenae IV 76 

Indica VI 13 
Salmonella bongori  V 22 
Total 2659 

 
Table 3: Shigella serogroups and their characteristics 

Species Serogroup Number of 
serotypes 

Geographic distribution Distinctive characteristics 

Shigella dysenteriae A 15 Asia, Africa, Central America Most severe dysentery with high mortality rate 
Shigella flexneri B 8 Most common in developing countries Causes less severe dysentery than S. dysenteriae 
Shigella boydii C 19 Indian subcontinent mainly, scarcely in 

developed countries  
Only serologically different from S. flexneri 

Shigella sonnei D 1 Most common in developed countries Causes mildest shigellosis 

 

 
 
Fig. 5: Pathogenesis of Salmonella enterica (Urdaneta and 

Casadesus 2017). 

(1) Ingestion of Salmonella via contaminated food or water. (2) 

Salmonellae survive the stomach environment and invade 

epithelial cells of the intestine. (3) The infection may lead to 

systemic infection or intestinal infection. (4) Bacteria may 

colonize the liver, bone marrow and the spleen during systemic 

infection. (5) Infected person may become chronic carrier due to 

persistence of infection in the gall bladder. (6) Salmonella 

pathogen cells are excreted from gall bladder to intestine and 

lead to fecal-oral transmission of disease. 

 

 
 

Fig. 6: Reservoirs and outcomes of Campylobacter jejuni 

infection in human (Elmi et al. 2021). 

Campylobacter jejuni contaminates animal products, including 

meat, by colonizing in GIT of domestic animals. The 

consumption of contaminated foods can lead to gastroenteritis 

in humans where C. jejuni damages the intestinal epithelium by 

invasion. The combine impact of replicating bacteria, and 

bacterial virulence factors result in inflammation and diarrhea. 

Campylobacter 
 

Campylobacteriosis is a foodborne GIT disease caused by 
Campylobacter species. It has a significant impact on 

public health and economic burden in this 21st century 
(Kaakoush et al. 2015). Globally, the number of 

Campylobacteriosis cases is believed to be on the rise in 
both developed and developing countries (Haruna et al. 
2013; Zbrun et al. 2020). The majority of 

Campylobacteriosis cases are sporadic and self-limiting. 
Therefore, the exact quantum of the disease is unclear. 

The documented disease outbreaks are usually linked to 
contaminated water or animal products (Dasti et al. 2010; 

Mourkas et al. 2019). 
Campylobacter species are Gram-negative, spirally curved 
shaped flagellated bacterial pathogens with single polar 

flagellum at one or both ends. The members of genus 
Campylobacter are microaerophilic, catalase positive, 

oxidase positive with optimum growth at 37-42oC (Gharst 
et al. 2013). Among a total of 26 species of Campylobacter, 
two species are responsible of majority of human 

infections i.e., C. jejuni and C. coli (Hameed et al. 2020; On 
2013). The majority of foodborne infections (~90%) are 

caused by C. jejuni. These two Campylobacter species have 
been commonly isolated from variety of different 

domestic, as well as wild, animals (Newell et al. 2011). 
Therefore, these two Campylobacter species are most 
important regarding MBDs (Garcia-Sanchez et al. 2018). 

The majority of Campylobacter species are involved in 
causing GIT disease, except a group that is able to cause 

reproductive disorder in cattle and sheep (Burnham and 
Hendrixson 2018). 

Campylobacter jejuni is able to cause human GIT disease 
with relatively low infectious dose (500-800) (Black et al. 
1988). C. jejuni is capable of replicating in several 
environmental reservoirs that can lead to human 
infections (Teh et al. 2019). Being poultry as natural host 
for Campylobacter species, C. jejuni is capable of 
colonizing the intestinal tract of chicken and transmit 
within flock via fecal-oral route (Bahrndorff et al. 2013). C. 
jejuni can contaminate water reservoir and survive due to 
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association with other protozoa. It can survive within 
other domestic animals, including cattle, pork etc. 
(Guyard-Nicodeme et al. 2013). The consumption of 
contaminated unpasteurized or undercooked animal 
products lead to GIT inflammation by invading the 
intestinal epithelial cells (Fravalo et al. 2009; Mari et al. 
2012). This infection leads to appearance of various signs 
and symptoms withing 1-10 days of ingestion of the 
pathogen. Various virulence and survival factors enable 
the pathogen to survive within these hostile conditions 
and cause a disease (Bolton 2015). These factors include 
motility, adhesion factors, bile resistance, invasion factors, 
antioxidant defense, and several different cytotoxins like 
cytolethal distending toxin (CDT). All these virulence 
factors lead to production of various symptoms of 
gastroenteritis, including vomiting, abdominal pain, fever, 
inflammation, diarrhea, or dysentery (Young et al. 2007), 
as summarized in Fig. 6. 
The gastroenteritis caused by C. jejuni and C. coli is 
usually self-limiting, and  rarely leads to mortality. 
However, immunocompromised patients are prone to 
severe systemic complications (Igwaran and Okoh 2019), 
such as inflammatory bowel disease, reactive arthritis, 
Miller Fisher syndrome (eye muscle weakness), and 
Guillain Barré syndrome (rapid muscle weakness) 
(Facciolà et al. 2017). 
The use of antibiotics is usually not required to control 
the infection, except in immunocompromised patients 
(Alanis 2005). The emergence of antibiotic resistant 
Campylobacter strains can be ascribed to nonjudicial 
antibiotic use in human, animal, and agriculture sectors 
(Olkkola et al. 2016; Wysok et al. 2011). The incidence of 
Campylobacteriosis can be prevented by adapting hygiene 
measures while handling the animals and animal products 
(Nichols et al. 2005). The chances of disease transmission 
can be lowered by full cooking of poultry meat (Hansson 
et al. 2018). The chicken “juice” is particularly important 
for disease transmission and is responsible for cross-
contamination of foods which are consumed uncooked 
(Cogan et al. 2002; Llarena and Kivistö 2020). Therefore, 
the prevalence of  Campylobacteriosis can be reduced by 
hygienic measures, and careful handling of meat and meat 
products distinctly from other foods (Abd El-Ghany 2019).  
 
Shigella 
 
Shigella species are among important human pathogens, 
causing dysentery. It was first identified as etiological 
agent of dysentery in 1898 by Kiyoshi Shiga. The species of 
Shigella are Gram-negative, facultative anaerobes, 
nonmotile bacilli which are lactose non-fermenter and are 
unable to produce hydrogen sulfide. There are four groups 
on the basis of somatic O antigens of the 
lipopolysaccharides of this genus. These include 
serogroup A (Shigella dysenteriae), serogroup B (Shigella 
flexneri), serogroup C (Shigella boydii) and serogroup D 
(Shigella sonnie), as summarized in Table 3 (Christine et 
al. 2017). These species of Shigella can cause invasive and 
human specific bacterial disease, known as bacillary 
dysentery (Shigellosis). The complications of Shigellosis 

include hemolytic uremic syndrome (UHS) or reactive 
arthritis (Besbas et al. 2006). Among the species of this 
genus, Shigella dysenteriae is responsible for the most 
severe form of Shigellosis (Hendriks et al. 2020). 
Moreover, occurrence of drug resistant Shigella infections 
makes it more difficult to treat (Klontz and Singh 2015). 
The Shigellosis is commonly considered as foodborne or 
waterborne disease, which can also spread from person to 
person by fecal-oral route. The transmission of Shigellosis 
is commonly associated with poor hygiene of food 
handlers because humans are the only known host for 
Shigella (Kingombe et al. 2005, Zaib et al. 2019). Improper 
storage, use of contaminated equipment and inadequate 
cooking can further aggravate the problem. Mechanical 
vectors like houseflies may also contribute to spread the 
pathogen. Foods, fingers, feces, flies, and fomites are the 5 
“Fs” that contribute to the spread of Shigellosis (Yang et 
al. 2015). 
 
Listeria monocytogenes 
 
The majority of species of genus Listeria are classified as 
non-pathogenic, as they do not encode the virulence 
factors that are required to induce infection (Ivanek et al. 
2006). Among these species, on the basis of public health 
significance, Listeria monocytogenes has been described as 
major human pathogen. L. monocytogenes is a rod-shaped 
Gram-positive bacterium, found in a wide range of 
environments (Schoder et al. 2011; Bell and Kyriakides 
2015). This facultative anaerobic pathogen can ferment 
glucose without production of gas (Law et al. 2015). It can 
grow at a wide range of temperature (0-45oC). The ability 
to grow at 4oC enables this pathogen to multiply in 
different food products under refrigeration, thus causing 
foodborne infections (Almashhadany et al. 2021).  
Historically, it was first described in 1926 as a causative 
agent of abortions and encephalitis in rabbits and guinea 
pigs. It took more than 50 years to establish that it can 
also be a foodborne pathogen (Schlech 1983). Currently, it 
is considered as a foodborne pathogen, causing 
gastroenteritis in healthy people, abortions in pregnant 
women and meningitis in immunocompromised 
individuals, with high mortality (20-30%), as described in 
Fig. 7 (Cossart 2011; Ranasinghe et al. 2021).  
The disease caused by Listeria monocytogenes is known as 
Listeriosis in animals and humans. Listeriosis is commonly 
acquired by consumption of contaminated food products 
but rarely it can also be acquired by direct contact with 
animals and during birth in neonates (Linke et al. 2014; 
Gohar et al. 2017). The virulence of this pathogen is 
attributed to its ability to multiply in the cytoplasm after 
inducing phagocytosis (Ferreira et al. 2014; Vivant et al. 
2013). The multiplying pathogen can move directly from 
cell to cell to avoid humoral immune response. It can 
survive within phagocytes by escaping before the 
maturation of phagosome due to the action of listeriolysin 
O (LLO) and phospholipase (PlcA) (Carpentier and Cerf 
2011). This pathogen is known to cause a variety of 
different infections in humans, ranging from mild 
diarrhea to fatal meningitis. The various illnesses caused 
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by Listeria monocytogenes in humans are summarized in 
Table 4 (Bell and Kyriakides 2015). 
 
Brucella abortus 
 
Brucella species are nonmotile, aerobic, non-sporulating, 
and small Gram-negative coccobacilli. These pathogenic 
species are facultative, intracellular and capable of causing 
infection in wide range of animals that can be transmitted 
to human population also. The species of Brucella are 
classified on the basis of their primary host preferences. 
The important species of this genus include; B. melitensis 
(sheep and goat), B. ovis (sheep), B. abortus (cattle) and B. 
suis (pigs). Brucella abortus, B. suis, and B. melitensis are 
the only three species considered as zoonotic (Capparelli 
et al. 2009). 
Brucellosis is a multicultural zoonotic bacterial disease, 
which is endemic in Asia, Middle East, South America, 
and Africa. More than 500,000 cases of human Brucellosis 
are reported worldwide annually (Luelseged et al. 2018). 
People working with animals, animal products, meat, and 
in the laboratory are at higher risk of acquiring Brucellosis 
(Ali et al. 2018; Islam et al. 2020). The majority of cases are 
usually attributed to consumption of raw milk and milk 
products. Various possible routes of transmission of 
Brucellosis to humans are described in Fig. 8 (Luelseged et 
al. 2018). 
This intracellular pathogen can cause debilitating chronic 
disease in humans. The pathogen can cause the disease 
with very low infectious dose (10-100 cells). The pathogen 
can invade and multiply in diverse host tissues. In 
humans, the disease is also known as Malta fever or 
Undulant fever, due to fluctuating pattern of fever (Yoo et 
al. 2015). Other symptoms of Brucellosis include flu-like 
symptoms, fatigue, body aches, joint pain, profuse 
sweating, and weakness. The control measures for 
Brucellosis include proper sanitization measures, 
pasteurization of milk and milk products, safe handling of 
animal and animal products, adequate cooking and 
controlling the disease in animals (Borriello et al. 2013).  
 
Yersinia enterocolitica 
 
Yersinia enterocolitica is among three human pathogens 
belong to genus Yersinia. The causative agent of plague is 
Yersinia pestis, while causative agents of foodborne 
enteritis are Y. enterocolitica and Y. pseudotuberculosis 
(Laukkanen-Ninios et al. 2014). Yersinia enterocolitica is a 
member of Enterobacteriaceae family that can cause 
foodborne disease, known as Yersiniosis (Bonardi et al. 
2014). Yersiniosis is usually a self-limiting disease, 
however immunocompromised patients are at risk of 
severe post-infection complications (Chung and Bliska 
2016).  
Animals act as main reservoirs of human pathogenic Y. 
enterocolitica. However, the pathogen rarely causes 
symptomatic disease in animals (Tan et al. 2014; Joutsen 
and Fredriksson-Ahomma 2016). The human infection 
starts after the ingestion of pathogen via contaminated 
food or water. The infections are usually sporadic in 

nature without any visible source. The common sources of 
pathogen include pork, salad, and milk, as described in 
Fig. 9 (Shoaib et al. 2019).  
 

 
 
Fig. 7: Transmission dynamics and chain of infections of 
Listeria monocytogenes 
Listeria monocytogenes can enter the food chain by 
contaminating the animal food products. The consumption of 
contaminated food products can cause fatal disease in 
immunocompromised patients, neonates, and pregnant women. 
 

 
 
Fig. 8: Transmission of Brucella to humans from various 
sources. 
Humans can acquire Brucella infection from various animals 
including cattle, sheep, goat, swine and rarely from dogs. 
Moreover, there are also reported cases of accidental transfer of 
Brucella during laboratory culturing or vaccination. 
 

 
 
Fig. 9: Transmission of Y. enterocolitica in humans. 
Y. enterocolitica can enter the food chain from infected animals. 
The humans can acquire the infection due to consumption of 
contaminated food and water. 
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Fig. 10: Vicious cycle of transmission of tuberculosis. 
Human population can acquire Mycobacterium bovis from 
animals, environment, and contaminated food products. 
 

 
 
Fig. 11: Staphylococcal food intoxication. 
S. aureus can enter the food products from various animal or 
human sources. Ingestion of preformed toxins lead to 
gastroenteritis. The food intoxication can be reduced by hygienic 
measures, proper cooking, and adequate storage. 

 
Table 5: Enterotoxins of S. aureus and associated pathology 

Superantigens Associated pathology Associated gene 

Enterotoxin A Enteritis, food poisoning sea 
Enterotoxin B Enteritis, food poisoning seb 
Enterotoxin C Enteritis, food poisoning sec 
Enterotoxin D Enteritis, food poisoning sed 
Enterotoxin E Food poisoning see 
Enterotoxin G Food poisoning seg 
Enterotoxin H Food poisoning she 
Enterotoxin I Food poisoning sei 
Enterotoxin F/TSST-1 Toxic shock syndrome tst 

 
The pathogen enters the lymphatic system via M cells of 
the epithelium of small intestine. The antiphagocytic   
virulence   factors   like plasmid-positive strains help to 
circumvent the immune response. Generally, the 
Yersiniosis is an uncomplicated enteric disease. The 
severity of the disease depends upon the host age, and 
immune status (Valentin-Weigand et al. 2014). 
 

Mycobacterium bovis 
 
The association between human and animal Tuberculosis 
has been best known to us since centuries. Mycobacterium 

tuberculosis is the primary pathogen causing Tuberculosis 
in humans. M. bovis is the primary pathogen causing 
Tuberculosis in cattle, but it is also capable of causing 
zoonotic Tuberculosis (Anaelom et al. 2010). The ability of 
the Mycobacterium species to multiply in different hosts 
makes the situation abhorrent. Humans can also acquire 
zoonotic Tuberculosis from direct contact with infected 
animals, consumption of contaminated dairy or meat 
products, and from contaminated environment (Atabey et 
al. 2021). The increase in cases of zoonotic Tuberculosis 
infections in human population is alarming. The 
immunocompromised patients are relatively at higher risk 
of acquiring zoonotic Tuberculosis. One health approach 
should be adapted to mitigate the Tuberculosis situation 
by controlling the disease in animals, environment and 
humans, as described in Fig. 10 (Refaya et al. 2019). 
 
Meat Borne Intoxications 
 
Intoxication is the ingestion of pre-formed toxins 
produced by replicating bacteria in the food. The majority 
of bacterial pathogens are killed during the process of 
cooking or pasteurization but some of the bacterial 
pathogen can survive these conditions or can enter during 
the handling of meat products after cooking. These 
bacterial pathogens can replicate in the cooked food at 
room temperature and produce enterotoxins or 
neurotoxin (Chajęcka-Wierzchowska et al. 2019).  
The bacteria responsible for production of enterotoxins 
include Staphylococcus aureus, Bacillus cereus and 
Clostridium perfringens (Khan et al. 2021). The neurotoxin 
is produced by Clostridium botulinum, causing the disease 
botulism, a disease associated with processed canned 
meat products (Sobel 2005). The most common source of 
meat borne intoxications is S. aureus. 
 
Staphylococcus aureus 
 
Members of genus Staphylococcus have long been 
associated with food poisoning and been termed as 
Staphylococcal food poisoning (SFP). To date, more than 
50 species and subspecies of Staphylococcus have been 
identified. Most of these are non-pathogenic and food 
grade in nature. Members of genus Staphylococcus can be 
classified in two groups: Coagulase negative Staphylococci 
(CNS) and Coagulase positive Staphylococci, based on the 
capability to produce coagulase enzyme. Coagulase is 
tightly membrane bound enzyme that helps bacteria to 
convert prothrombin to staphylothrombin and plasma 
fibrinogen to fibrin. These help bacteria to clot blood and 
ultimately evade from immune cells (Zell et al. 2008).  
Staphylothrombin provides antigenic disguise and in 
combination with fibrin clot bacterium can divert 
macrophages. In addition to coagulase (which is mostly 
produced by pathogenic strains), Staphylococcus aureus 
also produces several other virulence factors and toxins.  
Among these, Staphylococcus enterotoxins (SEs) are 
responsible for food poisoning. Mostly SEs are produced 
by CPS rather than CNS. Very few reports have been 
published that highlight production of SEs by CNS 
(Chajęcka-Wierzchowska et al. 2019). 
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Among a family of about 23 different Staphylococcal 
enterotoxins (SEs), some cause pyrogenic diseases such as 
enteritis and food poisoning. As these toxins are present 
on mobile genomic elements, these can easily be 
horizontally transferred to other non-virulent strains 
(Varshney et al. 2009). SEs (A-E) are termed as classic 
enterotoxins, except SEF which is superantigen TSST-1 
due to its sequence and structural homology to toxic 
shock syndrome toxin (Zhao et al. 2019).  
The most common Staphylococcal related food poisoning 
cases are attributed to SEA and SEB, followed by SED and 
SEE as the second most important food poisoning toxins. 
However, toxic shock syndrome is associated with 
SEF/TSST-1 (Bergdoll et al. 1981). In few cases, SEC, SEG, 
SEH and SEI are involved in causing emetic type of food 
poisoning (Chen et al. 2004). The various types of SEs 
along with associated pathology and genes involved are 
summarized in Table 5. 
The majority of food borne intoxications are associated 
with consumption of SEs contaminated food (Altaf et al. 
2020). Staphylococcal food intoxication is commonly 
characterized by a shorter incubation period of 2-6 hrs. 
The amount of the toxin required to cause is very small, 
ranging from 5-20 µg per person or animal, but it also 
depends upon individual’s sensitivity (Meyrand et al. 
1998). Implementation of proper hygienic measures 
during food processing can minimize the chances of food 
intoxication, as depicted in Fig. 11. 
 
Conclusion 
 
The foodborne illness from consumption of foods of 
animal origin is a serious public health threat globally in 
developed and developing countries. The sharing of 
foodborne pathogens at the animal-human-environment 
interface suggests integrated and stringent production, 
hygiene, processing, and packaging measures to decrease 
foodborne diseases. The increasing prevalence of AMR 
bacterial strains in the food chain poses a serious public 
health concern. Judicial use of antibiotics in animal 
production, treatment and prevention is recommended to 
circumvent issues of AMR through food chain or its 
dissemination in the environment. Vaccination of food 
handlers, animals, and implementation of Codex 
Alimentarius Commission need to be followed to decrease 
burden of food infections and intoxications. The current 
One Health approach approved by the FAO-WHO-OIE 
tripartite can provide solutions for foodborne diseases of 
public health by policy implementation and political 
commitment. 
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