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Abstract  Salmonellosis is a globally prevalent zoonotic disease that can occur in sporadic as well as in epidemic 
form. Disease is caused by Salmonella, which is a ubiquitous bacterium and one of the most frequently isolated 
foodborne pathogens. It is a major worldwide public health concern, contributing to the economic burden of both 
industrialized and underdeveloped countries through the costs associated with disease surveillance, prevention and 
treatment. As of now, over 2,500 Salmonella serotypes have been identified. Of these, more than half are categorized 
under Salmonella enterica subsp. enterica, which is the primary cause of Salmonella infections in humans. 
Salmonellosis remains a major foodborne zoonosis affecting around 93.8 million people with 230,000 deaths every 
year globally. This review aims to highlight the background information on Salmonella as a foodborne pathogen, 
illustrating its breaking point and its economic and public health burden. The pathogen naturally exists in the 
environment and, animals and its by-products. The primary cause of Salmonella infections is known to be food-
borne transmission. Even though human infection occurs via ingestion of contaminated water and food with animal 
feces, and food-processing equipment, animal-origin food and their products are the commonest vehicles of 
Salmonella to humans. Poultry, pigs, and cattle, and their products like meat, eggs, and milk are most commonly 
identified as food sources responsible for outbreaks of human salmonellosis. To prevent bacterial contamination of 
food, it is essential to follow proper handling and cooking procedures. Risk factors such as raw animal product 
consumption, unstandardized slaughtering, and unhygienic food preparation and handling procedures may expose 
people to food-borne pathogens in general, and Salmonella in particular, in the country. The coordinated surveillance 
and monitoring system for food-borne pathogens like Salmonella should be done to design appropriate and effective 
control and prevention strategies against these pathogens in developing countries including Ethiopia. As a result, 
collaboration between human and veterinary practitioners is crucial for increasing disease awareness and education, 
particularly among susceptible risk groups. One Health approach seems imperative for the control of this major 
bacterial foodborne disease of global significance. 
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1. Introduction 

Foodborne diseases (FBDs) are among the most 
widespread global public health problems of recent times, 
and their implication on health and the economy is 
increasingly recognized [1,2,3]. Salmonella is one of the 
most frequently isolated foodborne pathogens in the world 
[4] and it is estimated that 93.8 million cases of 
gastroenteritis due to Salmonella species occur globally 
each year, with 230,000 deaths [5,6]. In most recent years, 
the World Health Organization reports that the incidence 
and severity of cases of salmonellosis have increased 
significantly [7]. The most severe feature of Salmonella 

that makes it challenging to eliminate is its capacity for 
both vertical and horizontal transmission as well as its 
ability to acquire antibiotic resistance (AMR). The 
emergence and spread of such resistant strains among food 
animals is life-threatening and a global public health 
concern, as they are often non-treatable with currently 
available antimicrobials [8,9]. 

Salmonella is one of the most prevalent zoonotic 
pathogens in both developed and developing countries 
[10,11,12]. The genus comprises two species: Salmonella 
enterica (S. enterica) and Salmonella bongori (S. bongori) 
[13] under which over 2,500 serotypes were identified 
[14]. S. enterica is a major pathogen in humans as well as 
in animals [14,15]. However, S. Typhimurium and S. 
Enteritidis are more common [15,16]. 
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The pathogen causes foodborne poisoning in humans 
and infection mainly occurs through the consumption of 
contaminated animal-derived food products that include 
eggs, meat, and milk and contact with infected animals 
[17]. Contamination of these foods can occur during 
production, processing, and distribution [18]. Poultry and 
other food animals are considered the common reservoirs 
of Salmonella enterica and consumption of undercooked 
poultry products is the major source of human infection 
with non-typhoidal Salmonella, which causes diarrhoeal 
and invasive disease [19].  

As it has been revealed in different investigations, 
Salmonella serovars, which are most prevalent in humans 
are also common in poultry, suggesting a possible 
epidemiologic connotation that poultry could be a 
potential reservoir of human Salmonella infection. For 
instance, it was indicated in a study that S. Enteritidis and 
S. Heidelberg were the most frequently isolated serovars 
in the United States, which were also among the top 
serovars causing human infection [20]. Similarly, S 
infantis, S. stanley, and S. kentucky - all serovars 
originated from poultry meat- are also reported to be 
associated with human salmonellosis in European 
countries [3,21]. 

Generally, Salmonella infection remains a major public 
health concern worldwide, contributing to the economic 
burden of both industrialized and underdeveloped 
countries, through the costs associated with surveillance, 
prevention, and treatment of disease [22,23]. Apart from 
the morbidity and mortality costs in humans and animals, 
restrictions to trade and disposal of contaminated food are 
other significant socio-economic problems of the bacteria 
[9]. However, there is a lack of well-organized and 
documented information on food-borne diseases in general 
and Salmonella specifically in Ethiopia as well as in most 
developing countries. Therefore, the objectives of this 
review paper are: 

1.1. General Objective 
The general objective of this paper is to review 

Salmonella as a food-borne pathogen and its economic 
and public health importance. 

1.2. Specific Objectives 
  The specific objective is to update the status of 

Salmonella in the world, with special reference to 
its implications on epidemiology and public health, 
food chain and risk assessment, antimicrobial 
resistance, and control strategies. 

  This review is an opportunity to collect significant 
and relevant information, using an integral 
approach, on Animal Health, Public Health, and the 
relationship between the two. 

2. Literature Review 

2.1. History and Nomenclature 
Salmonella was first discovered and isolated from the 

intestines of porcine infected with classical swine fever, 

by Theobald Smith in 1855 and his colleague, Dr. Salmon 
after whom the bacteria was named [24].  

The classification and nomenclature of Salmonella have 
been controversial for many years. The Centers for 
Disease Control and Prevention (CDC) currently adopts 
the Salmonella classification system recommended by the 
World Health Organization (WHO) Collaborating Centre 
[25,26]. This system divides the genus Salmonella into 
two species: Salmonella enterica (the type species) and 
Salmonella bongori, based on variations in their 16S 
rRNA sequences. Salmonella enterica, the type species, is 
further categorized into six subspecies based on genetic 
and biochemical characteristics. These are S. enterica 
subsp. enterica (I), S. enterica subsp. salamae (II), S. 
enterica subsp. arizonae (IIIa), S. enterica subsp. 
diarizonae (IIIb), S. enterica subsp. houtenae (IV) and S. 
enterica subsp. indica (VI) [13]. Out of these subspecies, 
S. enterica subsp. enterica (I) is found predominantly in 
mammals and contributes to approximately 99% of 
Salmonella infections in humans and warm-blooded 
animals [27]. As a result, human infection with the 
remaining five Salmonella subspecies and S. bongori is 
rare because these organisms are primarily found in the 
environment and cold-blooded animals [28].  

In addition to classification into subspecies, the species 
are further sub-classified into serotypes using the 
Kauffman-White scheme, which is defined and 
maintained by the WHO collaborating centre for reference 
and research on Salmonella at the Pasteur Institute, Paris, 
France. The classification is based on the extensive 
diversity of lipopolysaccharide antigen (O antigen), 
flagellar protein antigen (H antigen), and capsular (K) 
antigens. Currently, there are more than 2500 serotypes of 
Salmonella, and new serotypes are listed on annual 
updates of the Kauffman-White scheme [13], out of which 
more than 150 serotypes can cause food-borne 
salmonellosis. 

 
Figure 1. Schematic illustration of the structure of Salmonella (adopted 
from https://www.cram.com/flashcards/enterobacteriaceae-5178261 and 
modified using Biorendor software. (accessed on 28 August, 2024)) 

Salmonella serotypes can be identified by performing 
an agglutination test using antibodies unique to the O 
antigens to classify the organism into six serogroups, 
namely A, B, C1, C2, D, and E. This approach offers 
crucial evidence for epidemiological study and enables 
genus and/or species-level identification [29]. Thus, so far, 
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more than 2500 serovars have been identified; more than 
half of these serotypes are part of S. enterica subsp 
enterica, which is responsible for most human 
salmonellosis [30]. When describing Salmonella in the 
literature, their taxonomy and nomenclature should adhere 
to a standard format (Salmonella enterica subspecies 
enterica serovar Typhimurium, which is shortened as S. 
Typhimurium) [31]. More recently, a taxonomic 
classification was proposed based on whole genome 
sequence data to define a two-tier subtyping approach: 
multilocus sequence typing (MLST) followed by antigen 
prediction. Using this approach, the researchers classified 
46,000 isolates of Salmonella enterica subspecies enterica 
that showed a 99.96% match to a serovar organized by the 
Kauffmann and White scheme [32].  

2.2. Cultural and Biochemical Characteristics 
Salmonella e are small, gram-negative, non-sporing 

rods, facultative anaerobic bacilli, and 2 to 3 by 0.4 to 0.6 
μm in size [33]. Similar to other members of the family 
Enterobacteriaceae, they produce acid on glucose 
fermentation; reduce nitrates to nitrite, and are incapable 
of producing cytochrome oxidase. Most organisms, except 
S.gallinarum and S.pullorum are motile by peritrichous 
flagella [34]. Certain Salmonella serotypes can be 
distinguished by their distinct sugar metabolisms. It is 
observed that most Salmonella e do not ferment lactose 
whereas the only organism that does not release gas 
during the fermentation of sugar is S. Typhi. 

Salmonella is non-capsulated except S. Typhi, S. 
Paratyphi, and some strains of S. Dublin. Salmonella 
grows between 8oC and 45oC (optimally at 37oC) and at a 
pH of 4 to 9. A temperature higher than 70oC rapidly kills 
the bacteria. These bacteria can resist dehydration for a 
very long time (Aw ≥ 0.93), both in faeces and in foods 
for human and animal consumption. In addition, they can 
survive for several months in saltwater with 20% salinity, 
particularly in products with a high protein or fat content, 
such as salted sausages. They are also resistant to smoking. 
Salmonella spp. has several virulence factors that 
contribute to diarrhea, bacteremia, and septicemia. These 
factors include the lipopolysaccharide of the outer wall, 
pili, flagella, cytotoxin, and enterotoxin [35]. 

2.3. Epidemiology of Salmonella  
Salmonella is one of the biggest threats to public health, 

worldwide. It is the most common food-borne diseases in 
both developing and developed countries, although 
incidence rates vary according to the country [36] that 
affects both the humans and animals throughout the world 
[25,37,38]. Approximately, 93.8 million human cases of 
salmonellosis are reported annually around the world 
annually, with 155,000 deaths [5]. 

2.3.1. Distributions of typhoid Salmonella and  
non-typhoid Salmonella infections 

Salmonella is one of the known food-borne pathogen 
with major public health and economic concerns all over 
the world. It is the most common food-borne disease in 
both developing and developed countries, although 
incidence rates vary according to the country [36,39].  

The disease has been recognized in all countries but 
appears to be most prevalent in areas of intensive animal 
husbandry, especially poultry and swine production. Three 
categories can be used to classify Salmonella for 
epidemiological purposes: Those that exclusively infect 
humans: Include S. Typhi, S. Paratyphi A, and S. 
Paratyphi C. This group encompasses the bacteria 
responsible for typhoid and paratyphoid fevers, which are 
among the most serious diseases caused by Salmonella. 
The longest incubation period, highest body temperature, 
and highest death rate are all associated with typhoid fever. 
Before enteric fever, S. Typhi can be isolated from a 
victim's blood, urine, and occasionally their faeces. 
Compared to typhoid, paratyphoid syndrome is less severe. 
The host-adapted serovars include S. Gallinarum (poultry), 
S. Dublin (cattle), S. Abortus-equi (horses), S. Abortus-
ovis (sheep), and S. Choleraesuis (swine). These are 
pathogenic for humans and other animals, and they 
include most food-borne serovars [40,41]. 

2.3.2. Source of Infection and Route of Transmission 
The pathogen naturally occurs in the environment and 

animals and its by-products. Food-borne transmission is 
recognized as the major cause of Salmonella infections 
[42]. Even though human infection occurs via ingestion of 
contaminated water and food with animal faeces, and 
food-processing equipment, animal-origin food and their 
products are the commonest vehicles of Salmonella to 
humans [43]. Contaminated water or food acts as a major 
transmission route of enteric fever. Enteric fever is mostly 
transmitted through the fecal–oral route, which involves 
drinking water or consuming food contaminated by the 
faeces of chronic carriers. In endemic places, enteric fever 
is caused by carriers of S. Typhi and S. Paratyphi. [44] 
(Figure 2). Nearly 4% of enteric fever patients, including 
infants, the aging population, and women, may serve as 
chronic carriers [45]. On the other hand, a carrier state of 
NTS occurs in only 0.1% of patients, because animals are 
the primary source of NTS, rather than humans. 

 
Figure 2. Diagram showing the primary reservoir, source of infection, 
and the transmission mechanism of human salmonellosis. Insects, 
reptiles, humans, and animals can serve as a reservoir for human 
salmonellosis. Uncooked, undercooked, and/or contaminated foods 
(poultry, beef, pork, egg, milk, milk products, vegetables, flour, nuts, etc.) 
are familiar sources of infection 
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Contaminated animal products generally result from 
infection in the animals used for food or from 
contamination of their carcasses or edible organs. The 
main source of human food-borne infections is fecal or 
intestinal contamination of carcasses, though Salmonella 
can also be directly transmitted into food products. 
Additionally, cross-contamination can occur during 
slaughtering processes [15]. Eggshells and egg contents 
can be contaminated by this bacterium during egg 
formation by fecal contact in the hen's reproductive 
system or from the environment [36]. It was indicated that 
the recently emerged S. Typhimurium DT104, which is 
known as a multidrug-resistant definitive type, is mainly 
transmitted through ingestion of contaminated beef [46].  

2.3.3. Risk Factors for Animal Infections 
Salmonella naturally occurs in the environment and can be 

found in both domestic and wild animals [47]. The 
widespread carrier status in animals is an important 
epidemiological factor. The primary habitat of Salmonella 
species is the intestinal tract of animals such as farm animals, 
humans, birds, reptiles, and insects. Animals are the reservoir 
of food-borne diseases caused by Salmonella [48]. 

2.3.4. Risk Factors for Human Infection 
Non-typhoidal Salmonella species (including all 

Salmonella strains other than S. Typhi and S. Paratyphi, - 
which are known as typhoidal Salmonella ) [49] are 
zoonotic agents, and food products of animal origin are 
the main sources for their transmission [15]. Poultry, pigs, 
and cattle, and their products like eggs, meat, and milk are 
most commonly identified as food sources responsible for 
outbreaks of human salmonellosis [38,47,50] although the 
microorganism has also been found in other foodstuffs. 
Chicken products including eggs are widely 
acknowledged to be a significant reservoir of Salmonella 
and have been consistently implicated in sporadic cases 
and outbreak of human salmonellosis [43,51]. 

An outbreak of salmonellosis in humans has been 
linked to several factors, including the consumption of 
raw or unsafe food, improper food storage, cross-
contamination, poor personal hygiene practices, 
inadequate cooling and reheating of food items, and a 
prolonged period between food preparation and 
consumption [42]. The bacteria can infiltrate the food 
chain at any stage during the production, processing, 
retailing, catering, and preparation of food for livestock. 
They can also withstand the normal refrigerated 
temperatures utilised for catering and proliferate when 
exposed to high temperatures [36]. Human and animal 
infections with antibiotic-resistant Salmonella are a global 
concern, especially in developing nations where the risk of 
infection is high due to unsanitary living conditions, 
animal-human close contact and house sharing, and 
customs involving the consumption of undercooked or 
raw animal origin food [42].  

2.4. Pathogenesis 
The severity of Salmonella infections in humans varies 

depending on the serotype involved and the health status 
of the animal and human host. Almost all strains of 
Salmonella are pathogenic as they can invade, replicate, 

and survive in human host cells, resulting in potentially 
fatal disease [27]. The pathogenicity of the organism is 
mediated by variables such host susceptibility, infectious 
dosage, route of infection, and strain virulence. Virulence 
factors such as virulence plasmids, toxins, fimbriae, and 
flagellae help in establishing an infection [43]. The 
product of several chromosomal genes mediates the 
complex invasion process, whereas growth within the host 
cell depends on the presence of virulence plasmids [48]. 
The microfold (M) cell is the target cell of Salmonella 
pathogenicity. Some of the mechanisms of pathogenesis 
are bacterial-mediated endocytosis, neutrophil recruitment 
and migration, epithelial cell cytokine secretion, fluid and 
electrolyte secretion, and systemic infection [43].  

Salmonella avoids host defense in the stomach, reaches 
the intestines, and interacts with the non-phagocytic cells 
such as the epithelial cells of the intestinal mucosa. They 
adhere to the intestinal epithelial cells by fimbriae that 
promote binding and invade epithelial cells to provoke 
gastroenteritis [43]. Enteric infection is characterized by 
local damage without septicemia. This is followed by the 
ruffling of the target cell membrane, which results in the 
internalization of the bacteria in membrane-bound 
vacuoles. The ruffles facilitate the uptake of the bacteria in 
membrane-bound vacuoles or vesicles, which often 
coalesce [46,48] 

2.5. Clinical Signs 
The most common symptom of Salmonella infection is 

acute gastroenteritis. The incubation period varies widely 
from 4 hours to 72 hours after the ingestion of 
contaminated food or water. Symptoms are acute onset of 
fever which subsides in 72 hours, chills, nausea, vomiting, 
abdominal cramping, and diarrhea (Figure 3). Typhoid 
fever is usually manifested by gastrointestinal symptoms, 
but some cases may show various clinical syndromes like 
disseminated intravascular coagulation and acute 
respiratory distress syndrome. The clinical disease usually 
appears after 12-72 hours of infection and is characterized 
by diarrhea with fever, nausea, vomiting, abdominal pain, 
headache, bradycardia, and cough [52,53]. 

 
Figure 3. Source: Human Salmonellosis: A Continuous Global Threat in 
the Farm-to-Fork Food Safety Continuum by Addisu D. Teklemariam et 
al, 2023, Foods 2023, 12(9), 1756; accessed from https:// doi.org/ 
10.3390/foods12091756 on 31.08.2024 
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Non-typhoid Salmonella (NTS) infections are 
characterized by gastroenteritis or ‘stomach flu’, an 
inflammatory condition of the gastrointestinal tract which 
is accompanied by symptoms such as non-bloody diarrhea, 
vomiting, nausea, headache, abdominal cramps, and 
myalgias. Some cases of NTS show symptoms such as 
hepatomegaly and splenomegaly [54]. Compared to 
typhoid infections, NTS infections have a shorter 
incubation period (6–12 h) and the symptoms are usually 
self-limiting and last only for 10 days or less [23].  

Gastrointestinal complications of NTS infections 
include cholecystitis, pancreatitis, and appendicitis, while 
the perforation of the terminal ileum has no association 
with NTS infections [54]. Infants, young children, elderly 
people, and immune- compromised patients are highly 
susceptible to NTS infections and develop more severe 
symptoms than normal individuals [55]. The infection 
always occurs through the ingestion of water or food 
contaminated with animal waste rather than human waste. 
The emergence of multidrug-resistant S. Typhimurium 
DT104 has been associated with outbreaks related to beef 
contamination and resulted in hospitalization rates twice 
that of another foodborne salmonellosis [46,56]. 

2.6. Diagnosis of Salmonella  

2.6.1. Culture Method 
Traditional techniques for identifying bacteria often 

involve assessing the microorganism's morphology and 
testing its capacity to grow in a range of mediums under a 
variety of conditions. These methods are very sensitive, 
inexpensive, and can give both qualitative and quantitative 
information on the number and the nature of 
microorganisms present in the food sample [57].  

Although standard microbiological techniques allow the 
detection of single bacteria, implication of the signal is 
required through the growth of a single cell into a colony. 
Cultural methods of Salmonella typically involve the 
enrichment of a portion of the sample to recover sub-
lethally injured bacterial cells due to heat, cold, acid, or 
osmotic shock [57]. Isolation of Salmonella by culture-
based method is still the most widely used detection 
technique and remains the gold standard for the detection 
of Salmonella due to their selectivity and sensitivity [58]. 

The number of target cells is generally not uniformly 
distributed in foods, typically occurs in low numbers, and 
may be present in a mixed microbial population. Hence, 
the samples are usually inoculated into a non-selective 
pre-enrichment media, such as Buffered Peptone Water 
(BPW). Further, primary enrichment cultures are typically 
inoculated into secondary selective enrichment broths, 
such as Selenite Cysteine broth (SC), Rappaport 
Vasiliadis Soya broth (RVS), Tetrathionate broth (TT), or 
Muller Kauffmann Tetrathionate-Novobiocin broth 
(MKTTn) and incubated at elevated temperatures (37°C or 
42°C for 18- 24 hours) before streaking onto selective 
agars such as Xylose Lysine Deoxycholate agar (XLD 
agar), Bismuth Iron Sulphate agar (BIS), Brilliant Green 
agar (BGA) with or without the addition of sulfadiazine or 
sulfa pyridine (BGS), modified semisolid Rappaport 
Vasiliadis (MSRV), Salmonella Shigella Agar, or Hektoen 
Enteric agar. There are several published standard 

methods utilizing combinations of media such as the 
current ISO horizontal method, ISO 6579:2002 for the 
detection of Salmonella spp.  

Under circumstances in which high throughput 
screening is required for a large number of samples, the 
laborious and tedious culture-based methods may not be 
able to adequately address the need. The traditional 
techniques have been enhanced to provide quicker 
identification and detection of Salmonella while 
additionally reducing labour and expense. For example, 
chromogenic and fluorogenic growth media used for 
detection, enumeration, and identification directly on the 
isolation plate have shown to be more convenient, reliable, 
specific, and selective than conventional media [57].  

Due to their affordability, convenience of use, high 
sensitivity and specificity, and dependability when 
compared to newly developing molecular-based 
technologies, conventional microbiological methods are 
the foundation for analysis in many food safety and public 
health laboratories. However, for performing these 
procedures, it is needed to prepare multiple subcultures 
required several identification steps, taking more than 5 
days to complete isolation and confirmation. In addition, 
false positive results may occur due to competitive flora 
(e.g. proteus) [59]. Although some immunological rapid 
assays are available, these assays still require enrichment 
steps and give results in 18–48 hr. Enzyme-linked 
immunoassay (ELISA) [60] and polymerase chain 
reaction (PCR) are robust but require several lengthy steps, 
expensive laboratory instruments, and experienced 
operators [59]. 

2.6.2. Immunology-based Assays 
Enzyme-linked Immunosorbent assay (ELISA): 

Different ELISA systems have been developed and are 
commercially available in kit form. An antigen specific to 
Salmonella species is coupled to the specific antibody and 
bound to a solid matrix in the ELISA assay. After forming 
the antigen-antibody complex, the concentration of the 
antigen and the presence of Salmonella can be measured 
through the change in color caused by the enzymatic 
cleavage of a chromogenic substrate. As an alternative, 
antigens coupled to the solid phase of ELISA can be used 
to identify the presence of antibodies in samples infected 
with Salmonella spp. Additionally, antibodies for the 
manufacturing of vaccines against Salmonella infections 
have been identified through ELISAs. At present, there is 
a lack of standardization of ELISA assays for non-
typhoidal salmonellosis. A challenge with developing 
serologic tests for NTS is the diversity of non-typhoidal 
serovars globally, which will require empirically uniform 
and perhaps locally targeted, selection of LPS antigens to 
achieve adequate sensitivity. Additionally, it will be 
difficult for serologic diagnostics using current 
technologies to distinguish between the two syndromes 
NTS can cause: self-limiting gastroenteritis and invasive 
systemic infection [61]. 

Latex agglutination test: The agglutination technique 
employs latex particles coated with antibodies which react 
with antigens on the surface of Salmonella cells to form 
visible aggregates for identification of Salmonella positive 
samples [62]. The assays are specific, uncomplicated, and  
 

 



6 American Journal of Medical and Biological Research  

reliable so that generally, they have been used as a 
confirmatory analysis technique, rather screening test for 
Salmonella organisms [63]. 

Immuno-diffusion assays: In this test, the sample is 
pre-enriched for 24 hours prior to being inoculated into 
the system unit, which is made up of two connected 
chambers. In the inoculation chamber, the enriched 
sample is injected with Tetrathionate brilliant green broth. 
After that, the bacteria leave the inoculation chamber and 
enter the mobility chamber, wherein a distal surface of a 
semisolid medium has been coated with an antibody. 
Salmonella in the mobility chamber is immobilized by 
forming an antigen-antibody complex. After incubation 
for 14 hrs, the readable three-dimensional immune 
diffusion band is produced. Modifications in an 
enrichment step before inoculation and an increase of 
incubation time improved the effectiveness of detection of 
Salmonella spp. [64]. 

2.6.3. Nucleic acid-based Assays 
The nucleic acid-based assays (NADs) are Salmonella 

detection tests that utilize a specific nucleic acid target 
sequence within the organism [65]. The assays have been 
most intensively explored and developed for the past 
decade because they offer advantages of sensitivity, 
specificity, and inclusivity over other methods, rapidly 
identifying Salmonella without obtaining pure cultures. 
Direct hybridization (DNA probe) and amplification (PCR) 
methods are the two major techniques of the assays. The 
remarkable advancement of the assays allows the 
detection of very low numbers of organisms in the sample 
and high throughput of samples for routine analysis [66]. 

Polymerase chain reaction (PCR): Conventional 
methods for detection of Salmonella serovars in foods are 
generally time consuming and labor intensive. Several 
Salmonella specific target genes such as oriC, fimA, himA, 
hilA, and stn have been identified. However, none of the 
primer sets for these genes has been shown to be 100% 
accurate. This observation may be due to either the lack of 
species specificity of these genetic markers or the uneven 
distribution of these markers within the Salmonella 
population. The Salmonella invasion gene, invA, has been 
shown to be involved in internalization of Salmonella 
Typhimurium in mammalian epithelial cells. This gene is 
unique to Salmonella , and the DNA sequence is highly 
conserved among Salmonella spp. These properties 
suggested that the invA gene could serve as a reliable and 
accurate target gene for detection of Salmonella by PCR 
methods [67]. A real-time PCR method has been 
developed with custom designed primers and a Taq Man 
probe to detect the presence of a 262-bp fragment of the 
Salmonella -specific invA gene [66]. 

However, the disadvantage of PCR is that the procedure 
is rather complicated and a very clean environment is 
needed to perform the tests. Further, PCR cannot 
distinguish between live and dead cells and hence 
providing more false negative results. Confirms positive 
Salmonella isolates from bovine and poultry origin by 
using multiplex PCR to amplify the pathogenic genes of S. 
Typhimurium, S. Enteritidis and S. Infantis by using 
specific primers for these genes. The method was highly 
specific in detecting Salmonella in spiked chili powder 
and shrimp samples, with a sensitivity of 0.04 CFU/g [68]. 

2.6.4. Biosensors 
Biosensors are defined as an analytical device that 

integrates a biologically derived molecular recognition 
molecule such as antibodies, phages, or single-stranded 
DNA, with a suitable physicochemical transducing 
mechanism. Common transducing elements are optical, 
electrochemical, thermometric, piezoelectric, magnetic 
and others [69]. Biosensors produce an electronic or 
optical signal proportional to the specific interaction 
between the analytic and the recognition molecule present 
on the biosensor. Biosensors are capable of detecting a 
diverse array of targets, ranging from small protein 
molecules to large pathogens. In contrast to conventional 
methods, a biosensor is a device for pathogenic antigen 
detection that does not require highly skilled workers to 
operate. Further, if biosensor is highly sensitive and 
selective it provide results more rapidly than culture-based 
methods, making them ideal for practical and field 
applications [70]. In the food industry, biosensors are 
primarily employed for two key functions. The first 
involves the detection and quantification of compounds 
such as carbohydrates, alcohols, amino acids, amines, 
amides, and phenols, with a particular focus on 
applications within the liquor and beverage sectors. The 
second function is the identification of microorganisms 
present in food products. Among the diverse types of 
biosensors available, the industry predominantly utilizes 
enzyme-based biosensors and immunosensors for these 
purposes [71].  

2.7. Treatment 
Treatment of non-typhoidal Salmonella infection varies 

significantly from typhoidal infection. In treatment of non-
typhoidal Salmonella infection, unlike typhoid, antibiotics 
should not be used routinely. Antibiotic should be used 
sparingly as infection with non-typhoidal Salmonella is 
usually self-limiting in nature and the duration of diarrhea 
and fever typically remains largely unchanged with the 
use of antibiotics. Antibiotic medication can potentially 
lengthen the duration of gastrointestinal carrier states and 
increase the risk of infection relapse. The main treatment 
should be aimed at correcting dehydration that may arise 
due to prolonged diarrhea by fluid and electrolyte 
replacement [72]. In case of patients with bacteremia and 
other complications, antimicrobials are used. Similarly, 
the treatment of enteric fever necessitates the use of 
antimicrobial drugs with chloramphenicol, ampicillin, 
amoxicillin, trimethoprim sulfamethoxazole and newer 
fluoroquinoazoles being drug of choice. Proper 
management of fluid and electrolyte balance is important 
in all patients with Salmonella gastroenteritis but is crucial 
in young children and elder individuals [73]. 

In animal treatment, supportive treatment with 
intravenous fluid is necessary for patients that have 
anorexia, depression, and significant dehydration. After an 
acid-base and electrolyte examination, a patient could be 
given aggressive treatment. Oral fluid and electrolyte 
solutions may prove to be a cost-effective alternative to 
intravenous fluids for mildly or moderately dehydrated 
cattle [74]. The efficacy of oral fluid therapy in cattle with 
salmonellosis may be partially diminished due to issues 
with malabsorption and maldigestion. However, it remains 
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a valuable treatment option. For cattle that can drink, 
adding specific electrolytes to the drinking water can aid 
in restoring electrolyte balance. The implementation of 
broad prophylactic strategies that are efficacious for all 
Salmonella e may be required in order to overcome the 
diversity of Salmonella serovars present on farms, and the 
potential for different serovars to possess different 
virulence factors [75]. Early intervention is crucial for 
managing septicemic salmonellosis; however, the use of 
antimicrobial agents for treating intestinal salmonellosis 
remains a subject of debate. Oral antibiotic may alter the 
intestinal micro flora and interfere with competitive 
antagonism and prolong shedding of the organism. There 
is also a concern that antibiotic resistant strain of 
Salmonella selected by oral antibiotic may subsequently 
infect human. Antibiotic such as ampicillin or 
cephalosporin lead to lysis of bacteria with the release of 
end toxin [76].  

2.8. Food Borne Burden of Salmonellosis 
People of all ages are affected by foodborne illnesses, 

although those under five and those residing in low-
income areas of the world are disproportionately affected. 
Research has shown that foodborne illnesses are a major 
global cause of morbidity and mortality as well as a major 
barrier to socioeconomic development [77]. Between 2007 
and 2015, the World Health Organization's Foodborne 
Diseases Epidemiology Reference Group (WHO-FERG) 
assessed the global burden of foodborne diseases, 
including incidence, mortality, and disability-adjusted life 
years (DALYs). Their findings indicated that, in 2010, 31 
global hazards were responsible for approximately 600 
million foodborne illnesses and 420,000 deaths. In that 
case, the initiatives recited that most frequent causes of 
foodborne illness were diarrhoeal disease agents. 
Foodborne diarrhoeal disease agents caused 230,000 
deaths, which was particularly attributed to non-typhoidal 
Salmonella enterica [7]. 

Although NTS is the more common than Typhoidal 
salmonellosis, both the infections and are known to pose 
great food borne burden in different parts of the world. 
Salmonellae are widely distributed in nature [43] and they 
are the major pathogenic bacteria in humans as well as in 
animals. They are most frequently isolated bacterial agents 
of food-borne disease outbreaks [51], and they account 
around 93.8 million food-borne illnesses and 155,000 
deaths per year worldwide [47]. NTS infections, which 
cause self-limited illness, are the most common 
Salmonella infections, and occur worldwide whereas the 
enteric fever, caused by typhoidal Salmonella , is 
associated with a high morbidity and mortality rate and 
occurs predominantly in underdeveloped countries [78]. 
More or less the emergence and spread of antimicrobial-
resistant Salmonella strains have become a serious health 
hazard worldwide [79]. It is believed that the widespread 
use of antimicrobials in food-producing animals during 
rearing has contributed to the occurrence of Salmonella 
with decreased susceptibility to antimicrobials [80]. 

2.9. Antibiotic Resistance 
The emergence of antimicrobial resistance in 

Salmonella strains is a serious health problem worldwide 
[81]. In the early 1960s, the first incidence of Salmonella 
resistance to a single antibiotic, namely chloramphenicol, 
was reported [82]. Since then, the frequency of isolation 
of Salmonella strains with resistance towards one or more 
antimicrobial agents has increased in many countries, 
including the USA, the UK and Saudi Arabia [83]. 
Antimicrobial agents such as ampicillin, chloramphenicol 
and trimethoprim–sulfamethoxazole is used as the 
traditional first line treatments for Salmonella infections. 
Salmonella species resistant towards these agents are 
referred to as multi-drug resistant (MDR). The widespread 
prevalence of multidrug-resistant (MDR) isolates has been 
recorded and this has influenced the impact of typhoid 
fever in developing countries [84].  

In S. Enterica antimicrobial resistance (AMR) genes 
were detected in 68% of isolates from meat and dairy 
products [85]. Moreover, more than 43 isolates of 
Salmonella from chicken beddings and humans exhibited 
resistance to kanamycin and sulfamethoxazole-
trimethoprim, nalidixic acid, ampicillin, cefoxitin, 
streptomycin, tetracycline, chloramphenicol, ciprofloxacin, 
and gentamicin [9]. Lately in 2019, demonstrated AMR 
genes in 76.7% of S. Enterica strains isolated from broiler 
chicken farms and chicken carcasses in retail shops at El-
Sharkia province, in Egypt [86]. In a study carried out in 
Lower Egypt, AMR genes of Salmonella Typhi isolated 
from 29% patients showed resistance to chloramphenicol, 
ampicillin and trimethoprim-sulfamethoxazole [87]. 

To date, the emergence of Salmonella serotypes 
resistant to quinolones and cephalosporin poses a new 
challenge in treating infected patients, and the lack of an 
effective antibiotic therapy may lead to an increase in the 
morbidity and mortality rates [27]. The severity of 
bacterial infections in both humans and animals has risen 
as a result of the introduction of multidrug resistant 
Salmonella. Epidemiological studies indicate that MDR 
Salmonella strains are associated with more severe or 
prolonged illnesses compared to susceptible strains, 
implying that these MDR strains exhibit greater virulence 
[88]. Patients infected with multidrug-resistant (MDR) 
Salmonella strains often exhibit more severe illness and 
septic symptoms at the onset of the disease. This is 
typically accompanied by high fever, enlargement of the 
spleen and liver, and abdominal swelling [46]. 

2.10. Control and Prevention Methods 

2.10.1. Reducing Animal Product Contamination 
Food products may become contaminated along the 

food chain, mostly during the different stages of 
production, processing, distribution, preparation, and final 
consumption [89]. The likelihood of food contamination is 
mostly determined by the personal hygiene of the food 
handlers, the health status, personal cleanliness, 
knowledge, and practice of food handlers [90]. Food-
borne microbes are major problems affecting food safety 
and cause infection following the consumption of animal 
products contaminated with microorganisms or their 
toxins. Therefore, minimization of food contamination is 
considered as mainstay in preventing the risk of 
Salmonella infection, which can be achieved at production, 
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transportation and service stages [46,47]. 
Implementing biosecurity and bio-containment 

measures in addition to enhanced food processing method 
and preparation and storage practices are required to 
control and prevent food spoilage due to Salmonella (48). 
Safe food preparation practices including thorough 
cooking, reheating of food, pasteurization (boiling) of 
milk, adequate refrigeration, and exclusion of pets and 
other animals from food-handling areas should be 
followed. Additional measures to control secondary 
contamination could be; prevention of contamination by 
cleaning and disinfection, hygiene of personnel, and 
proper processing [43]. Vulnerable groups are advised to 
avoid consuming undercooked meat and poultry, raw milk, 
eggs, and foods that contain raw egg [48]. Currently, there 
is no vaccine available for the prevention of salmonellosis 
in adult populations. However, a vaccine has been 
developed to protect against Salmonella typhi, particularly 
for children, though its efficacy is limited to 
approximately 60% [91]. 

2.10.2. Environmental Management 
Contaminated water or food is the major route of 

transmission of enteric fever. Environments contaminated 
with Salmonella serve as a critical source of infection, as 
Salmonella can survive in these settings for prolonged 
durations. Further, bacterium is transmitted to vectors 
such as rats, flies and birds where it is shed in their faeces 
for weeks and even months. Following the direct 
transmission, animals such as pigs, cows and chickens act 
as the important risk factor for infection. These animal 
reservoirs are infected orally because Salmonella normally 
originates from the contaminated environment and 
contaminated feed [92]. Proper sanitation, correct sewage 
disposal and provision of clean water system can minimize 
the transmission of typhoid fever. The intervention 
strategies including Salmonella e monitoring programs 
along the farm-to-table continuum should be initiated in the 
environment surrounding susceptible population. 
Implementing environmental hygiene with respect to 
human and animal feces is an important approach to 
decreasing the environmental reservoir of pathogens, thus 
limiting the transmission to human beings [93].  

2.11. Status of Salmonellosis in Ethiopia 
In the 21st century, foodborne diseases have emerged 

as significant public health issues in both developed and 
developing nations. A substantial portion of the 
population is affected by illnesses or fatalities attributable 
to the consumption of unsafe food Salmonella infection 
most commonly occurs in countries with poor standards of 
hygiene in food preparation and handling and where 
sanitary disposal of sewage is lacking [94]. Studies 
indicated the widespread occurrence and distribution of 
Salmonella in Ethiopia. In Ethiopia, minced beef is 
usually used for the preparation of a popular traditional 
Ethiopian dish known as locally “Kitfo” and majorly, it is 
consumed raw or medium cooked. The consumption of 
raw meat and the detection of Salmonella in minced beef, 
along with substandard food handling practices, highlight 
significant public health risks associated with Salmonella 
in the country [95].  

Investigations conducted in different parts of Ethiopia 
have confirmed the presence of Salmonella in human 
beings, different food animals, and food of animal origin. 
Despite existing reports on the prevalence and distribution 
of Salmonella species within the country, the issue of 
Salmonella contamination in animal-origin foods remains 
inadequately characterized. Furthermore, risk factors 
related to the contamination of animal products have not 
been well-documented, and incidence of food-borne 
salmonellosis is still unknown in the country [36,42]. 
Potential risk factors for Salmonella infection in the nation 
include the prevalence of raw meat consumption, the 
existence of carrier food animals, the illegal slaughtering 
of animals in open spaces, unsanitary slaughter procedures 
in abattoirs, etc. [96]. Few published findings on 
prevalence of non-typhoidal Salmonella in different parts 
of Ethiopia are shown in Table 1. 

Table 1. Distributions of Salmonella in different parts of Ethiopia 

Locations Species Prevalence 
(%) Reference (s) 

Central Ethiopia shoats 1.8 [97] 
Addis Ababa cattle 10.76 [48] 
Addis Ababa shoats 1.04 [50] 

Gondar cattle 17.30 [98] 
Holeta cattle 5.60 [99] 
Asella cattle 6.50 [100] 
Gondar cattle 5.50 [42] 

Addis Ababa cattle 3.70 [101] 
Dessie cattle 4.95 [102] 

Bahir Dar cattle 70 [103] 
Modjo and Bishoftu shoats 17.21 [104] 

Ambo cattle 8 [105] 
Wolaita Sodo cattle 12.50 [106] 
Addis Ababa cattle 7.50 [107] 

Addis Ababa and 
Mojo poultry 2.9 [3] 

Modjo poultry 15.12 [99] 
Central Ethiopia poultry 11.5 [108] 

Addis Ababa cattle 1.6 [109] 
 poultry 16.7 [9] 

3. Conclusions and Recommendations 

Food-borne pathogens are the leading causes of human 
illness worldwide with a great burden in developing 
countries resulting in huge economic loss in addition to 
public health issues. From this review, it is concluded that 
Salmonella is one of the most frequently isolated 
foodborne pathogens and salmonellosis is one of the 
major foodborne diseases in the world. It was estimated 
that 93.8 million cases of gastroenteritis due to Salmonella 
species occur globally each year, with 230,000 deaths. 
Food animals including poultry, pigs and cattle are 
recognized as the chief cause of human salmonellosis. 
This bacterium can enter into the food chain from 
production of food animals up to the final consumption of 
animal products. Additionally, the emergence of 
multidrug-resistant Salmonella strains has heightened 
public health concerns. The recommended methods for 
eliminating food contamination by bacteria include 
handling and cooking food properly. Risk factors such as 
the consumption of raw animal products, unregulated 
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slaughtering processes, and inadequate food preparation 
and handling procedures may increase susceptibility to 
foodborne pathogens in general, and Salmonella in 
particular, within the country. Based on the above 
conclusion, the following points are recommended: 
  Good manufacturing practices, standardized 

slaughtering and pasteurization procedures, and 
hygienic animal product preparation techniques 
should be strictly implemented. 

  Public awareness initiatives should be implemented 
to enhance understanding of preventive measures 
against Salmonella pathogens, thereby reducing 
their impact on both human health and animal well-
being. Prevention strategies include proper handling 
of food and water, improved sanitation, public 
awareness, and government initiatives supported by 
surveillance systems. 

  Collaboration between human and veterinary 
practitioners is very crucial to increase awareness 
and education about the disease importance 
especially among susceptible risk groups. 

  Future control efforts should place a priority on 
regulatory strengthening, health promotion, 
investment in sanitation infrastructure, and dealing 
with health-related problems to decrease NTS 
infections effectively.  

  There is a pressing need for having a strict 
biosecurity and regulation on the use of 
antimicrobials throughout the world to mitigate the 
problems of antimicrobial resistance. 

ACKNOWLEDGEMENTS 

This paper is dedicated to Dr. Daniel E. Salmon and all 
other scientists who made significant contribution in the 
field of Salmonella and salmonellosis. 

Contribution of Authors 

All the authors contributed during the preparation of the 
manuscript. 

Conflict of Interest 

There was no conflict of interest among the authors. 

Financial Support 

No financial grant was received from any organization. 

References 
[1] Hendriksen, R. S., Vieira, A. R., Karlsmose, S., Wong, D. M. L. F., 

Jensen, A. B., Wegener, H. C., and Aarestrup, F. M. Global 
monitoring of Salmonella serovar distribution from the World 
Health Organization Global Foodborne Infections Network 
Country Data Bank: Results of quality assured laboratories from 
2001 to 2007. Foodborne Pathogens and Disease, 8(8), 887–900, 
2011. 

[2] Olasunmbo, A., Ajayi J., Oluwoye L., and Williams K. Policy 
Options on Reduction of Foodborne Diseases. Food and Public 
Health, 4: 266-271, 2014.  

[3] Dagnew B., Alemayehu H., Medhin G., and Eguale T. Prevalence 
and antimicrobial susceptibility of Salmonella in poultry farms 
and in-contact humans in Adama and Modjo towns, Ethiopia. 
Microbiology Open.;9:e1067, 2020.  

[4] Sharkawy H, Tahoun A, El-Gohary AEGA, El-Abasy M, El-
Khayat F, Gillespie T, El-Adawy H. Epidemiological, molecular 
characterization and antibiotic resistance of Salmonella enterica 
serovars isolated from chicken farms in Egypt. Gut Pathog.;9:8, 
2017.  

[5] Majowicz, S.E, Musto, J., Scallan, E., Angulo, F.J., Kirk, M., 
O’Brien, S.J., Jones, T.F., Fazil, A. and Hoekstra, R.M. The global 
burden of nontyphoidal Salmonella gastroenteritis. Clinical 
Infectious Disease 50: 882–889, 2010. 

[6] WHO. World Health Organization estimates of the global burden 
of foodborne diseases: foodborne disease burden epidemiology 
reference group 2007-2015. I. World Health Organization, 2019.  

[7] WHO. World Health Organization Estimates of the global burden 
of foodborne diseases: foodborne disease burden epidemiology 
reference group 2007-2015. World Health Organization, 2017.  

[8] Liljebjelke K, Hofacre T, White S, Ayers S, and Maurer J. 
Vertical and horizontal transmission of Salmonella within 
integrated broiler production system. Foodborne Pathogens. 2:90–
102, 2005.  

[9] Abdi Reta D., Fisseha M., Ashenafi F., Takele B., Hika W., 
Bedasso M., Dinka A and Fufa A. Determination of the sources 
and antimicrobial resistance patterns of Salmonella isolated from 
the poultry industry in Southern Ethiopia. BMC Infectious 
Diseases 17:352, 2017.  

[10] Velusamy, V., Arshak, K., Korostynska, O., Oliwa, K., and Adley, 
C. An overview of foodborne pathogen detection: In the 
perspective of biosensors. Biotechnology Advances, 28 (2), 232–
254, 2010.  

[11] Quinn P., Carter M., Markey B., and Carter G. R. Clinical 
Veterinary Microbiology. Maryland Heights, MO, USA: Mosby; 
2000. 

[12] Chlebicz, A. and Sli ´zewska K. “Campylobacteriosis, 
salmonellosis, yersiniosis, and listeriosis as zoonotic foodborne 
diseases: a review,” International Journal of Environmental 
Research and Public Health, 15(5). 1–28, 2018.  

[13] Grimont A. and Weill F. Antigenic Formulae of the Salmonella 
Serovars, Institute of Pasteur and WHO, Paris, France, 
https://www.pasteur.fr/sante/clre/cadrecnr/salmoms-index.html., 
2007. 

[14] Musa A. J., Dauda I. K., Lawan A. F., Diyo D., Meshack M. M., 
and Jauro S. Prevalence and antibiotic sensitivity pattern of 
Salmonella isolates from milk products and water reservoirs in 
maiduguri, north-eastern Nigeria, IOSR Journal of Agriculture and 
Veterinary Science, 10(2), 87–92, 2017.  

[15] Tegegne F. M. “Epidemiology of Salmonella and its serotypes in 
human, food animals, foods of animal origin, animal feed and 
environment,” Journal of Food Nutrition and Health, 2(1), 7–14, 
2019.  

[16] Tadesse G. and. Tessema S. A meta-analysis of the prevalence of 
Salmonella in food animals in Ethiopia, BMC Microbiology, 
14(270), 1–9, 2014.  

[17] Ayers J. and Farah H. Chicken consumption continues long run 
rise, Amber Waves, 4(5), 2006. 

[18] Kebede A., Kemal J., Alemayehu H. and Habte Mariam S. 
Isolation, identification, and antibiotic susceptibility testing of 
Salmonella from slaughtered bovines and ovines in Addis Ababa 
Abattoir Enterprise Ethiopia. International Journal of Bacteriology, 
8:421, 2016. 

[19] FAO. Poultry Sector Ethiopia. FAO animal production and health 
livestock country reviews, 2019. 

[20] Foley, S. L., Nayak, R., Hanning, I. B., Johnson, T. J., Han, J., and 
Ricke, S. C. Population dynamics of Salmonella enterica serotypes 
in commercial egg and poultry production. Applied and 
Environmental Microbiology, 77(13), 4273–4279, 2011. 

[21] Antunes, Mourao P., Campos, J., and Peixe, L. Salmonellosis: The 
role of poultry meat. Clinical Microbiology and Infectious 
Diseases, 22 (2), 110–121, 2016. 

[22] Crump J. A., Kretsinger K., Gay K., Hoekstra R. M., Vugia D. J., 
Hurd S., Segler S. D., Megginson M., Luedeman L. J., Shiferaw 
B., et al. Clinical response and outcome of infection with 

 



10 American Journal of Medical and Biological Research  

Salmonella enterica serotype Typhi with decreased susceptibility 
to fluoroquinolones: a United States foodnet multicenter 
retrospective cohort study. Antimicrobial Agents and 
Chemotherapy. 52:1278–1284, 2008. 

[23] Haileselassie, T. H., Adhana K., and Kalayou S. Food safety 
knowledge and practices of abattoir and butchery shops and the 
microbial profile of meat in Mekelle city, Ethiopia, Asian Pacific 
Journal of Tropical Biomedicine, 3, (5), 407–412, 2013.  

[24] Pal, M. Food safety is becoming a global public health concern. 
The Ethiopian Herald, 8, 2013.  

[25] Popoff M.Y., Bockemühl J. and Gheesling L. L. Supplement 2001 
(no. 45) to the Kauffmann–White scheme. Research in 
Microbiology. 154(3):173–174, 2003. 

[26] CDC. Centers for Disease Control and Prevention. Multistate 
outbreak of human Salmonella infections linked to live poultry in 
backyard flocks (final update), 2012.  

[27] Shu-Kee Eng, Priyia Pusparajah, Nurul-Syakima Ab Mutalib, 
HooiLeng Ser, Kok-Gan Chan and Learn-Han Lee. Salmonella: A 
review on pathogenesis, epidemiology and antibiotic resistance, 
Frontiers in Life Science, 8:3, 284-293, 2015.  

[28] Brenner F.W., Villar R.G., Angulo F.J., Tauxe R., and 
Swaminathan B. Salmonella nomenclature. Journal of Clinical 
Microbiology. 38:2465– 2467, 2000. 

[29] Wattiau, P.; Boland, C. and Bertrand, S. Methodologies for 
Salmonella enterica subsp. enterica subtyping: Gold standards and 
alternatives. Applied and Environmental Microbiology, 77, 7877–
7885, 2011. 

[30] Guibourdenche, M.; Roggentin, P.; Mikoleit, M.; Fields, P.I.; 
Bockemühl, J.; Grimont, P.A.; Weill, F.-X. Supplement 2003–
2007 (No. 47) to the white-Kauffmann-Le minor scheme. 
Research in Microbiology. 161, 26–29, 2010. 

[31] Tindall, B.J.; Grimont, P.A.; Garrity, G.M. and Euzeby, J.P. 
Nomenclature and taxonomy of the genus Salmonella. . 
International Journal of Systematic and Evolutionary 
Microbiology, 55, 521, 2005. 

[32] Chattaway, M.A.; Langridge, G.C. and Wain, J. Salmonella 
nomenclature in the genomic era: A time for change. Scientific 
Reports,11, 7494, 2021. 

[33] Sandhiya, R. Prevalence of asymptomatic bacteriuria among 
pregnant women attending the tertiary care center.Department of 
Obstetrics and Gynaecology Sree Mookambika Institute of 
Medical Sciences, Kulasekharam, Tamil Nadu, 2018. 

[34] [Dantankwa, A. A. Antibacterial activities of some Ghanaian 
medicinal plants against methicillin resistant Staphylococcus 
aureus (MRSA) and methicillin sensitive Staphylococcus aureus 
(MSSA). https://ir.knust.edu.gh/handle/12345789/9941. 2017. 

[35] Hugh, R. Classical methods for isolation and identification of 
glucose nonfermenting Gram-negative rods. CRC Press, 2020. 

[36] Tadesse G. and. Gebremedhin Z. E. Prevalence of Salmonella in 
raw animal products in Ethiopia: a meta-analysis, BMC Research 
Notes, 8 (1), 1–8, 2015. 

[37] Ralph, A. G. Salmonella In: Medical Microbiology. Edited by 
S.Baron, 4th Ed. The University of Texas Medical Branch at 
Galveston, USA. 468-481, 2000. 

[38] Tadesse G.: Prevalence of human salmonellosis in Ethiopia: A 
systematic review and meta-analysis. Infectious Diseases 14: 88, 
2014. 

[39] Addis Z., Kebede N., Sisay Z., Alemayehu H., Wubetie A., and 
Kassa T. Prevalence and antimicrobial resistance of Salmonella 
isolated from lactating cows and in contact humans in dairy farms 
of Addis Ababa: a cross-sectional study. BMC Infectious Diseases. 
11: 222, 2011. 

[40] Jay, J.M. Modern Food Microbiology. 6th ed. Aspen Publishers, 
Inc. Maryland, USA, 2000.  

[41] Radostits, O.M., Gay, C.C., Hinchcliff, K.W. and Vonstable, P.O. 
Veterinary Medicine.10th ed. Saunders Elsevier, London, 896 – 
921, 2007. 

[42] Ejo, M., Garedew, L., Alebachew, Z., and Worku, W. Prevalence 
and Antimicrobial Resistance of Salmonella isolated from Animal-
Origin Food Items in Gondar, Ethiopia. BioMed Research 
International, 1–8, 2016. 

[43] Kemal, J. Sibhat, B. Menkir, Y. Terefe, and Muktar Y. 
Antimicrobial resistance patterns of Salmonella in Ethiopia: a 
review evolution of Salmonella. African Journal of Microbiology 
Research, 9 (46), 2249–2256, 2015.  

[44] Gopinath, S.; Carden, S.and Monack, D. Shedding light on 
Salmonella carriers. Trends in Microbiology, 20, 320–327, 2012. 

[45] Gonzalez-Escobedo, G.and Gunn, J.S. Gallbladder epithelium as a 
niche for chronic Salmonella carriage. Infection and Immunity. 81, 
2920–2930, 2013. 

[46] Abebe E., Gugsa G., and Meselu A. Review on major food-Borne 
zoonotic bacterial pathogens. Journal of Tropical Medicine, 2020, 
4674235, 19, 2020. 

[47] Heredia N. and. Garcia, S. Animals as sources of food-borne 
pathogens: a review, Animal Nutrition,4 (3), 250–255, 2018. 

[48] Addis M. and Sisay D. A review on major food borne bacterial 
illnesses, Journal of Tropical Diseases, 3 (4) 1–7, 2015. 

[49] Connor B.A. and Schwartz E. Typhoid and paratyphoid fever in 
travellers. The Lancet Infectious Diseases, 5:623–628, 2005. 

[50] Kassaye, H. and Tsegaye,L.. Study on prevalence and distribution 
of Salmonella isolates from apparently healthy sheep and goats 
slaughtered at Addis Ababa abattoir enterprise, Ethiopia, Journal 
of Veterinary Science and Technology, 6: 1–5, 2015. 

[51] Balakrishnan, S. A., and Dhanalakshmi, M. Prevalence of 
Salmonella in chicken meat and its slaughtering place from local 
markets in Orathanadu, Thanjavur District, Tamil Nadu, Journal of 
Entomology and Zoology Studies, 6 (2), 2468–2471, 2018.  

[52] Pandit A., Arjyal A., Paudyal B., Campbell J.C., Day J.N., Farrar 
J.J., and Basnyat B. A patient with paratyphoid A fever: an 
emerging problem in Asia and not always a benign disease. 
Journal of Travel Medicine 15: 364-365, 2008. 

[53] Abd El-Ghany, W. Salmonellosis: A food borne zoonotic and 
public health disease in Egypt. The Journal of Infection in 
Developing Countries, 14 (7):674-678, 2020. 

[54] Hohmann E.L. Nontyphoidal Salmonellosis. Clinical Infectious 
Disease. 15 (32):263–269, 2001.  

[55] Scallan E, Hoekstra R. M., Angulo F.J., Tauxe R.V., Widdowson 
M.A., Roy S.L., Jones J.L., and Griffin P.M. Foodborne illness 
acquired in the United States – major pathogens. Emerging 
Infectious Diseases. 17:7–15, 2011.  

[56] Gray, J. T. and Fedorka-Cray, P. J. Salmonella . In Cliver, D. O. 
and Riemann, H. P. (Eds.). Foodborne diseases, 55-68. San Diego: 
Academic Press, 2002. 

[57] Fang, T., Wu Y., Xie Y., Sun L., Qin X., Liu Y., Li H., Dong Q. 
and Wang X. Inactivation and Subsequent Growth Kinetics of 
Listeria monocytogenes After Various Mild Bactericidal 
Treatments. Frontiers in Microbiology,12, 621, 2021. 

[58] Afzal, I., Shinwari Z. K., Sikandar S. and Shahzad S. Plant 
beneficial endophytic bacteria: mechanisms, diversity, host range 
and genetic determinants. Microbiological Research, 221, 36-49, 
2019. 

[59] Cho, J.-H., Kwon J.-G., O'Sullivan D. J., Ryu S. and Lee J.-H. 
Development of an endolysin enzyme and its cell wall–binding 
domain protein and their applications for biocontrol and rapid 
detection of Clostridium perfringens in food. Food Chemistry, 345, 
128562, 2021. 

[60] Sanjay, S. T., Li M., Zhou W., and Li X. A reusable PMMA/paper 
hybrid plug-and-play microfluidic device for an ultrasensitive 
immunoassay with a wide dynamic range. Microsystems and 
Nanoengineering, 6, 1-11, 2020.  

[61] Shenoy, B., A. Jaiswal and A. Vinod. Lab diagnosis of Brucellosis. 
Pediatric Infectious Disease, 8, 40-44, 2016. 

[62] Dougnon, T. V., Legba B., Deguenon E., Hounmanou G., 
Agbankpe J., Amadou A., Fabiyi K., Assogba P., Hounsa E. and 
Aniambossou A. Pathogenicity, epidemiology and virulence 
factors of Salmonella species: A review. Notulae Scientia 
Biologicae, 9, 460-466, 2017. 

[63] Silva, N. F., Magalhães J. M., Freire C. and Delerue-Matos C. 
Electrochemical biosensors for Salmonella: State of the art and 
challenges in food safety assessment. Biosensors and 
Bioelectronics, 99, 667-682, 2018. 

[64] Rimet, C.-S. C. Y. Salmonella harborage sites in infected poultry 
and influence of coccidiosis on the course of Salmonella infection. 
University of Georgia, 2018. 

[65] Umesha, S. and Manukumar H. Advanced molecular diagnostic 
techniques for detection of food-borne pathogens: Current 
applications and future challenges. Critical Reviews in Food 
Science and Nutrition, 58, 84-104, 2018. 

[66] Porter, T. M. and Hajibabaei M. Scaling up: A guide to high‐
throughput genomic approaches for biodiversity analysis. 
Molecular Ecology, 27, 313-338, 2018. 

[67] Cheng, C.-M., Lin W., Van K. T., Phan L., Tran N. N. and Farmer 
D. Rapid detection of Salmonella in foods using real-time PCR. 

 



 American Journal of Medical and Biological Research 11 

Journal of Food Protection, 71, 2436-2441, 2008. 
[68] Arkali, A. and Çetinkaya B. Molecular identification and 

antibiotic resistance profiling of Salmonella species isolated from 
chickens in eastern Turkey. BMC Veterinary Research,16, 1-8, 
2020. 

[69] Malinee, M., Kumar A., Dhiman A. and Sharma T. K. Aptamer-
mediated nanobiosensing for health monitoring. Advanced 
Biosensors for Health Care Applications, 227–248, 2019. 

[70] Dehghani, S., Nosrati R., Yousefi M., Nezami A., Soltani F., 
Taghdisi S. M., Abnous K., Alibolandi M. and Ramezani M. 
Aptamer-based biosensors and nanosensors for the detection of 
vascular endothelial growth factor (VEGF): A review. Biosensors 
and Bioelectronics, 110, 23-37, 2018. 

[71] Pal M., Bulcha M. R., Banu M. G., and Adugna G. L., Emerging 
role of biosensors for detection of foodborne pathogens. American 
Journal of Microbiological Research, 9 (3): 92-95, 2021.  

[72] Tack, B., Vanaenrode J., Verbakel J. Y., Toelen J. and Jacobs J. 
Invasive non-typhoidal Salmonella infections in sub-Saharan 
Africa: a systematic review on antimicrobial resistance and 
treatment. BMC Medicine, 18, 1-22, 2020. 

[73] Akram J., Khan A.S., Khan H.A., Gilani S. A., Akram S. J., 
Ahmad F. J., Mehboob R. Extensively drug-resistant (XDR) 
typhoid: evolution, prevention, and its management. BioMed 
Research International, 2020:6432580, 2020. 

[74] Selman, J. and Towle Millard H. Hypertrophic osteodystrophy in 
dogs: diagnosis and treatment, 63 (1), 3-9, 2021.  

[75] Gast, R. K. and Porter Jr R. E. Salmonella infections. Diseases of 
Poultry, 717-753, 2020. 

[76] Adem, J. and Bushra E. Bovine salmonellosis and its public health 
importance: A review. Advances in Life Science and Technology, 
44, 62-71, 2016. 

[77] Crump, J.A. and Heyderman, R.S., “Invasive Salmonella 
infections in Africa”, Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 108(11), 673–675, 2014. 

[78] Hardy A., “Salmonella: a continuing problem.”, Postgraduate 
Medical Journal, 80, 541–545, 2004. 

[79] Prestinaci F., Pezzotti P., and Pantosti A., “Antimicrobial 
resistance: A global multifaceted phenomenon.”, Pathogens and 
Global Health, 109 (7), 309–318, 2015. 

[80] Angulo F. J., Johnson, K. R., Tauxe, R. V. and Cohen, M. L. 
“Origins and consequences of antimicrobial-resistant nontyphoidal 
Salmonella: Implications for the use of fluoroquinolones in food 
animals.”, Microbial Drug Resistance, 6 (1), 77–83, 2000. 

[81] Chiu C.H., Wu T.L., Su L.H., Chu C., Chia J.H., Kuo A.J., Chien 
M.S.. and Lin T.Y., “The emergence in Taiwan of fluoroquinolone 
resistance in Salmonella enterica serotype cholerae suis.”, The 
New England Journal of Medicine, 346,413–419, 2002. 

[82] Montville T.J. And Matthews KR., “Food microbiology: an 
introduction. 2nd ed. Washington, USA”, ASM Press, 2008. 

[83] Yoke-Kqueen C., Learn-Han L., Noorzaleha A.S., Son R., Sabrina 
S., Jiun-Horng S., Chai-Hoon K., “Characterization of multiple-
antimicrobial-resistant Salmonella enterica Subsp. enterica 
isolated from indigenous vegetables and poultry in Malaysia”, 
Letters in Applied Microbiology, 46, 318–324, 2008. 

[84] EFSA. European Food Safety Authority, “EU summary report on 
antimicrobial resistance in zoonotic and indicator bacteria from 
humans, animals and food in 2013”, EFSA Journal, 13,4036, 2015. 

[85] Ahmed A.M, Shimamoto T. and Shimamoto T., “Characterization 
of integrons and resistance genes in multidrug-resistant 
Salmonella enterica isolated from meat and dairy products in 
Egypt.” International Journal of Food Microbiology, 189, 39-44, 
2014. 

[86] Elkenany R., Elsayed M.M., Zakaria A.I., El-Sayed S.A..and Rizk 
M.A., “Antimicrobial resistance profiles and virulence genotyping 
of Salmonella enterica serovars recovered from broiler chickens 
and chicken carcasses in Egypt.” BMC Veterinary Research, 
15(124), 2019. 

[87] Srikantiah P., Girgis F.Y., Luby S.P., Jennings G., Wasfy M.O., 
Crump J.A., Hoekstra R.M., Anwer M., Mahoney F.J., “Population-
based surveillance of typhoid fever in Egypt.”, The American 
Journal of Tropical Medicine and Hygiene, 74, 114-119, 2006. 

[88] Travers K, and Barza M., “Morbidity of infections caused by 
antimicrobial-resistant bacteria”, Clinical Infectious Diseases. 
34,131–134, 2002. 

[89] Hemalata V. B. and Virupakshaiah D. B., “Isolation and 
identification of foodborne pathogens from spoiled food samples,” 

International Journal of Current Microbiology and Applied 
Sciences, 5 (6), 1017–1025, 2016. 

[90] Aklilu, A., Kahase, D. and Dessalegn M., “Prevalence of intestinal 
parasites, Salmonella and Shigella among apparently health food 
handlers of Addis Ababa university student’s cafeteria, Addis 
Ababa, Ethiopia,” BMC Research Notes, 8 (1), 17, 2015. 

[91] Pal, M., Teashal, B. M., Gizaw, F., Alemayehu, G., and Kandi, V. 
Animals and food of animal origin as a potential source of 
Salmonellosis: A review of the epidemiology, laboratory diagnosis, 
economic impact, and public health significance. American 
Journal of Microbiological Research, 8 (2), 48-56, 2020.  

[92] Newell D. G., Koopmans M., Verhoef L., Duizer E., Aidara-Kane 
A., Sprong H., Giessen J. v. d. and Kruse H., “Food-borne 
diseases-the challenges of 20 years ago still persist while new ones 
continue to emerge.”, International Journal of Food Microbiology, 
139, Suppl 1: s3-15, 2010. 

[93] Patrick M.E., Adcock P.M., Gomez T.M., Altekruse S.F., Holland 
B.H., Tauxe R.V., and Swerdlow D.L., “Salmonella Enteritidis 
infections, United States, 1985-1999”, Emerging Infectious 
Diseases, 10, 1- 7, 2004. 

[94] Käferstein, F., “Foodborne diseases in developing countries: 
aetiology, epidemiology and strategies for prevention”, 
International Journal of Environmental Health Research, 13 (1), 
161–168, 2003. 

[95] Muleta, D. and Ashenafi, M., “Salmonella, Shigella and growth 
potential of other food-borne pathogens in Ethiopian street vended 
foods.” East African Medical Journal, 78 (11), 576-580, 2011. 

[96] Assefa, M. and Bihon A., “A systematic review and meta-analysis 
of prevalence of Escherichia coli in foods of animal origin in 
Ethiopia,” Heliyon, 4 (8), 1–22, 2018. 

[97] Molla W., Molla B., Alemayehu D., Muckle A., Cole L., Wilkie 
E., “Occurrence and antimicrobial resistance of Salmonella 
serovars in apparently healthy slaughtered sheep and goats of 
central Ethiopia”. Tropical Animal health and Production. 38, 455-
462, 2006. 

[98] Garedew L., Hagos Z., Addis Z., Tesfaye R., and Zegeye B, 
“Prevalence and antimicrobial susceptibility patterns of 
Salmonella isolates in association with hygienic status from 
butcher shops in Gondar town, Ethiopia.” Antimicrobial 
Resistance and Infection Control, 4, 21, 2015. 

[99] Abunna F, Jote H, Beyene T, Ayana D, Feyisa A, Duguma R., 
Isolation, Identification and Antimicrobial Susceptibility Profile of 
Salmonella Isolates from Abattoir and Dairy Farms in and Around 
Holeta Town, Oromia, Ethiopia, Journal of Veterinary Medicine 
and Research, 4, 1113, 2017. 

[100] Beyene T., Yibeltie H., Chebo B., Abunna F., Beyi A.F., Mammo 
B., Ayana D. and Duguma R., “Identification and Antimicrobial 
Susceptibility Profile of Salmonella isolated from Selected Dairy 
Farms, Abattoir and Humans at Asella Town, Ethiopia” Journal of 
Veterinary Science and Technology; 7 (3), 3207, 2016. 

[101] Lidya Ketema L. K., Zerihun Ketema Z. K., Bitsu Kiflu B. K., 
Haile Alemayehu H. A., Yitagele Terefe Y. T., Mohammed 
Ibrahim M. I., and Tadesse Eguale T. E., Prevalence and 
Antimicrobial Susceptibility Profile of Salmonella serovars 
isolated from Slaughtered Cattle in Addis Ababa, Ethiopia. 
BioMed Research International, 4: 2018: 9794869, 2018. 

[102] Amera, G. M., Yirdaw, M. M., and Kibret, M. Antimicrobial 
resistance profile of Salmonella species isolated from slaughtered 
cattle carcass and slaughter house environment in Dessie 
Municipality Abattoir, Ethiopia. Abyssinia Journal of Science and 
Technology, 2 (2), 30-37, 2017. 

[103] Azage M. and Kibret,M. The bacteriological quality, safety, and 
antibiogram of Salmonella isolates from fresh meat in retail shops 
of Bahir Dar city, Ethiopia International Journal of Food Science. 

[104] Kuma L., Koran, O. and Tamiru, Y., A cross-sectional study on 
Salmonella in apparently healthy sheep and goats slaughtered at 
Elfora and Luna export abattoirs, Ethiopia. African Journal of 
Microbiology Research,7, 530-536, 2017.  

[105] Mustefa B. A. and Gebremedhin E. Z., Carriage and antimicrobial 
resistance of nontyphoidal Salmonella in cattle slaughtered in 
Ambo municipality abattoir, West Shewa zone, Oromia, Ethiopia - 
a point prevalence survey. Ethiopian Veterinary Journal, 22 ,94-
109, 2018. 

[106] Wabeto, W., Abraham, Y., and Anjulo, A. A., Detection and 
identification of antimicrobial resistant Salmonella in raw beef at 
Wolaita Sodo municipal abattoir, Southern Ethiopia, Journal of 
Health, Population and Nutrition, 36, 52, 2017. 

 



12 American Journal of Medical and Biological Research  

[107] Banti E., Isolation, identification and antimicrobial susceptibility 
profile of Salmonella isolates from abattoir and selected dairy 
farms of Addis Ababa city, Ethiopia. Global Veterinaria., 20, 285-
292, 2018. 

[108] Assefa, M., Teklu A., and Negussie H., The prevalence and public 
health importance of Salmonella from chicken table eggs, Ethiopia. 
American-Eurasian Journal of Agriculture and Environmental 

Science, 11, 512-518, 2011. 
[109] Liyuwork, Taye B., Alemu S., Alemayehu H., Sisay Z., and 

Negussie H., Prevalence and antimicrobial resistance profile of 
Salmonella isolates from dairy products in Addis Ababa, Ethiopia. 
African Journal of Microbiology Research, 7(43), 5046–5050, 
2013. 

 

 
© The Author(s) 2024. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


