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Abstract: Antimicrobial resistance (AMR) remains an alarming issue with public-health concern and economic
implications on human and animal populations worldwide. These antibiotics have so far been associated with
high burden of diseases and the ramifications of veterinary antibiotic resistance of Salmonella spp., on the
Sustainable Development Goals cannot be teased out. This review paper highlights the epidemiology of
Salmonella spp., and antibiotic resistance in livestock productions systems.
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Introduction

Globally, antibiotic use in livestock setting is accounted for approximately 80% of total consumption
[1]. Veterinary antibiotics are used for livestock production, growth promotion, prevention and treatment of
infections [2]. However, improper use of antibiotics to the livestock can lead to the development of antibiotic-
resistant pathogens which can be exposed to the environment and pose a human health risk upon consumption
[3]. The persistence and emergence, however, of antimicrobial resistance in bacterial communities in particular
Salmonella spp., pose a sheer threat to treatment options of microbial infections in a cost effective manner
solutions and thus place a burden on health services leading consequences in human and animal health settings

[4].

Salmonellosis poses a major public health threat and represents significant economic implications to
the poultry industry due to reduced production and mortality worldwide [5]. Moreover, Salmonella is a common
intestinal inhabitant in a wide-range of animals, including mammals, reptiles, birds and insects [6]. Most cases
of human infection are associated with the consumption of contaminated food products such as beef [7], pork
[8], poultry, animal products [9], and vegetables [10]. Infections may also be associated with the contact
between humans and infected animals [11]. The epidemiology and extent of antimicrobial resistance of
Salmonella spp., in livestock systems has not been comprehensively reviewed. Thus, it is this concern that
motivates our review and our approach to this question involves a rapid a review. In this paper, we have
conducted overview of the epidemiology and antimicrobial resistance of Salmonella spp., in the wider context
and close specific cases pertaining to the themes of interest in Malaysia.

Overview of Salmonella

Historical background

In 1884, Theobald Smith first recognized the organism Salmonella. A year later, Daniel EImer Salmon,
an American veterinarian and Smith, discovered and isolated the first organism, Salmonella choleraesuis from
the intestines of pigs infected with classical swine fever (hog cholera) [12]. Although the organism was initially
named Bacillus choleraesuis, it was later changed to Salmonella choleraesuis by Lignieres in 1900 [13-15].

The antigenic classification of Salmonella is a result of interactions between the antibody with the
surface bacterial antigens in the 1920s to 1940s [16]. According to the Kauffmann-White scheme, each
Salmonella serotype is classified by its possession of a particular lipopolysaccharide (LPS) or O antigen and a
flagellar or H antigen and contains more than 2500 serotypes [14, 17-19].
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Taxonomy

Historically Salmonella has been named based on original isolation places such as Salmonella indiana
and Salmonella london. Salmonella belongs to the family Enterobacteriaceae, Phylum Protobacteria and Class
Gamma Protobacteria. It is a member of the Order Enterobacteriales belonging to the Family
Enterobacteriaceae. The Genus Salmonella comprised two species; Salmonella enterica and Salmonella
bongori. Salmonella enterica is comprised of six subspecies namely; S. enterica subsp. enterica, S. enterica
subsp. salamae, S. enterica subsp. arizonae, S. enterica subsp. diarizonae, S. enterica subsp. houtenae and S.
enterica subsp. Indica. Salmonella enterica subspecies | is isolated mainly from warm-blooded animals and
accounts for more than 99% of clinical isolates, whereas the remaining subspecies and S. bongori are mainly
isolated from cold-blooded animals and account for less than 1% of clinical isolates [20-22]. Epidemiological
classification of Salmonella is based on the host preference, which includes host-restricted serotypes that infect
only humans such as S. typhi. Furthermore, the other classification comprises host-adapted serotypes which are
associated with one host species but can cause disease in other hosts such as S. Pullorum in avian. The broad
host range serotypes include Salmonella enteritidis, Salmonella typhimurium and Salmonella heidelberg are the
most frequent serotypes recovered from human each year [23-27].

Salmonella spp. are serologically classified using the Kauffmann-White scheme and contains more
than 2500 serotypes [14, 17-19], based on the three antigens: H (flagellar antigen); O (somatic antigen); and Vi
(capsular antigen). H antigen is a heat-labile that may occur in either or both forms, called phase 1 and phase 2.
O antigens are heat stable and occur on the membrane of Salmonella and are determined by oligosaccharide
component of lipopolysaccharide. Vi antigen is a heat sensitive antigen that is composed of polysaccharides and
is a superficial antigen overlying the O antigen; it is present in a few serovars, the most important being S typhi
[28-31].

Phenotypic and biochemical properties

Salmonella are Gram-negative, rod-shaped (bacillus), non-spore-forming, facultative aerobic bacteria
and size ranging from 0.4-0.6x2-3um. They are motile by means of peritrichous flagella, except Salmonella
pullorum and Salmonella gallinarum (hon-maotile) [19, 32]. Furthermore, Salmonella spp multiply optimally at a
temperature of 35°C to 37°C, pH about 6.5-7.5 and water activity between 0.94-0.84, also are sensitive to heat
and often killed 70°C or above; therefore, it is sensitive to pasteurization. Complete growth inhibition occurs at
temperatures less than 7°C, pH less than 3.8 or water activity less than 0.94, but resist to drying even for years
[17, 33]. Salmonella produces acid on glucose fermentation; reduce nitrates to nitrite, and do not produce
cytochrome oxidase. In addition, S. typhi produce gas (H2S) on sugar fermentation [32]. Salmonella are non-
capsulated except S. typhi, S. paratyphi C and some strain of S. dublin [32].

Epidemiology of Salmonella

Salmonella is one of the leading causes of bacterial foodborne disease and the third cause of human
death among diarrheal diseases worldwide, even though the occurrence varies between countries [34].
Salmonella serotypes are not evenly distributed around the world, for example, non-typhoidal Salmonella (NTS)
is more common in Africa, while typhoidal Salmonella (e.g. serotypes typhi and paratyphi A) are more common
in Southeast Asia [35]. In 2000, the most frequently isolated serotypes from human sources were S. enterica
serotype typhimurium and S. enterica serotype enteritidis. Salmonellosis is a major foodborne disease in
developing and industrialized countries, although incidence rates vary [36, 37].

The epidemiology of Salmonella associated infections depends on the serotypes of the Salmonella spp,
which it has more than 2,500 serotypes with different reservoirs. Changes in food consumption, culture,
production practices, economic impact, and distribution have led to increased frequency of various multistate
outbreaks related to freshly produced and processed foods [38, 39]. Salmonella spp. are generally disseminated
in domestic and wild animals and they are common intestinal inhabitant in many animals, including mammals,
reptiles, birds, and insects [6, 40]. The animals are the primary source of Salmonella, and food-producing
animals are the main transmission route to humans.

The risk of public health differs depending on risk factors as animal species, age group, husbandry
practice and health status, and certain human communities are at a high risk of infection due to biological or
behavioral factors [27]. Most cases of human infection are associated with the consumption of contaminated
food products such as beef [7], pork [8], poultry and poultry products [9], vegetables [10]. Infections may also
be associated with the contact between humans and infected animals such as reptiles and amphibian [11, 41].
The prevalence of Salmonella spp. from chicken carcass was 62.5% in Senegal [42]. A study from Vietnam
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reported a high prevalence of Salmonella spp. in raw meat and poultry, which of 64% pork, 62% beef, and
53.3% of chicken samples[43].

Several studies showed the contamination of poultry samples with Salmonella across different
countries; 23 to 29% in the United Kingdom [44, 45], 2.8 to 26.4% in Ireland [46, 47], 13.2% in The
Netherlands [48], 35.8% in Spain [49], 36.5% in Belgium [50], and 36% in Korea [51], 60% in Portugal [52].
Furthermore, in Malaysia, S. enteritidis (28.1%), S. weltevreden (25.7%), S. corvallis (10.3%) and S.
typhimurium (6.7%) were the most frequently non typhoidal Salmonella reported in 2003 — 2005.

Prevalence of Salmonellosis in Malaysia

In Malaysia, the prevalence of Salmonella from various food samples reported in different studies. For
instance, [53] reported the prevalence of S. enteritidis, and S. typhimurium were 20.80%, 6.70%, and 2.50% ,
respectively. Additionally, [54], reported from Malaysia shows that a total of 27.6% collected samples were
Salmonella spp., positive, and the chicken samples recorded higher rate 40.4% compared to beef 15.4% of
Salmonella spp., isolates. This indicates the widespread of incidences and spread of Salmonella in retails level.
Another study from Malaysia reported that was high prevalence of Salmonella was 88.46% in poultry, poultry
processing environment [55]. [56] Reported that in Malaysia, the prevalence rate of Salmonella in poultry
carcasses was 35.5% and poultry processing plants 50.0%. [57] Revealed that the prevalence of Salmonella in
raw foods in chicken pieces 39%, livers 35%, and gizzards 44% samples in Malaysia. [30] Reported that
prevalence of Salmonella was high with 27.2%% in beef and 72.7% in chicken meats at 2006 — 2009 in Kuala
Lumpur, Malaysia. In Peninsular Malaysia, [58] reported the overall prevalence of Salmonella species was
29.1% from raw vegetables, chicken and processing environments. Another study showed that 22.0% retail meat
and 22 7.5% street food samples were positive for Salmonella serovars [59]. The major variation between the
prevalence of Salmonella in the different studies might be due to sample size, sample type, diagnostic
techniques and geographical area.

Reservoir host and source of infection

Animals infected with salmonellosis and human’s feacal wastes are the main sources of bacterial
contamination to the environment and the food chain [26, 60]. Salmonella enterica subspecies enterica is widely
distributed in the intestinal tracts of animals and the environment. Poor personal hygiene is the cause of human
infection after direct contact with infected animals and humans. Environmental contamination, especially
untreated water is also important. Consumption of contaminated food of animal origin is the source of most
human infections [61-64]. Food of animal origin, meat, poultry, and, unpasteurized egg products are the primary
sources of human salmonellosis [65, 66]. Reports show that 96% of Salmonella infections in humans are from
livestock and their products [67]. Thus, the production, processing, transporting, and storage of the food in an
unhygienic environment may become contaminated with Salmonellae and be responsible for diseases [68].
A less frequent source of non-typhoidal Salmonella infections is exposure to pets, especially reptiles [41].
Reptiles may have fecal carriage rates of up to 90%. It is estimated that approximately 74,000 infections with
Salmonella result from exposure to reptiles and amphibians in the United States each year [69]. For instance, a
study from Korea in health zoo animals revealed that Salmonella isolates was about 6% of animals, including
30% of reptiles, 7% of birds and 1% of mammals [70].

Methods of isolation and identification of Salmonella pp,
Conventional culture techniques

In conventional culture techniques, pre-enrichment media is often necessary to permit the isolation and
permit the detection of low numbers of Salmonella sub-lethally damaged. Pre-enrichment media including
Buffered peptone water (BPW), and Enrichment media are liquid or semi-solid agar media which permit the
growth of Salmonella and inhibiting the growth of other bacteria such as modified semisolid Rappaport-
Vassiliadis (MSRV) or diagnostic semi-solid Salmonella medium (DIASALM), Rappaport- Vassiliadis (soya
base) (RVS) [71, 72]. For selective plating for the bacterial culture media includes xylose lysine deoxycholate
agar (XLD agar) and Brilliant green agar (BGA), bismuth sulfite agar and others could be used as the second
plating-out medium as previously described [30, 58, 73]. Non- motile Salmonellae, including S. Pullorum and
S. Gallinarum, and the S. Enteritidis strain do not grow in MSRYV, thus it should be used different media to
identified. For S. Pullorum and S. Gallinarum show a results obtained from direct enrichment in selenite
cysteine and RVS [74]. Salmonella can be biochemically characterize using triple sugar iron agar (TSI) urea
agar lysine iron agar (LIA), Voges Proskauer (VP), methyl red (MR) and Indole tests [19, 30, 73, 75].
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Molecular and Serological confirmation

Various Salmonella detection methods are in use and are commercially available, these includes
agglutination tests, immunomagnetic separation (IMS) the method described by [54], Enzyme-linked
immunosorbent assay (ELISA), anti-globulin and compliment fixation tests (CFT) have been used to detect
antibody responses to Salmonella infections. For DNA-based methods, gene probe PCR methods, real time
PCR, as previously described[30, 76-79], quantitative PCR, pulsed-field gel electrophoresis (PFGE). PCR
methods potentially detect faster and more accuracy compared with traditional culture but it offer high cost [80-
82], and microarray analysis [83]. Rapid isolation methods may be linked with sophisticated detection systems,
such as biosensors [84]. Slide agglutination used the detection of Salmonella O-; Vi- and H- antigens with the
suited sera, from pure colonies and after auto-agglutinable strains have been eliminated. This method relies on
the antibody/antigen reaction between cultured test and commercially prepared antiserum [73].

Antimicrobial susceptibility tests and resistance profile

Disk diffusion refers to the dissemination of an antimicrobial agent of an identified concentration from
disks, tablets or strips, into the solid media that has been isolated in a pure culture. Disk diffusion is based on to
determine the inhibition zone proportional to the susceptibility of the bacteria to the antimicrobial present in the
disk. The diameter of the zone of inhibition around the antimicrobial disk is related to minimum inhibitory
concentration (MIC) for the particular bacterium/antimicrobial combination; the zone of inhibition associates in
reverse with the MIC of the tested bacteria. Generally, the larger zone of inhibition, the lower the concentration
of antimicrobial required to inhibit the growth of the organisms. However, this depends on the concentration of
antibiotic in the disk and its infusibility according to the guidelines of the [85]. Disk diffusion is a low-cost
method that can be easily modified to test antimicrobial disks when needed. It used for screening tests against a
large number of isolates and to identify a subset of isolates for further testing using other methods, such as MIC
determination as previously applied in [53, 58, 77]. Broth and agar dilution methods also used to define the
lowest concentration of the assayed antimicrobial that inhibits the visible growth of the bacterium being tested.
Antimicrobial varieties should contain both the interpretive criteria (susceptible, intermediate and resistant) for
specific bacterium/antibiotic combination and suitable quality control reference organisms. The selection of an
AST methods based on the easy to perform, flexible, adaptable to automated or semi-automated systems, cost,
reliable, and accurate.

Economic and public health significance of Salmonella infections

Over the last two decades, foodborne disease has emerged as a significant and increasing public health
and economic impact in many countries. Frequent outbreaks caused by new pathogens, antibiotic use in farm
animals, and the spread of antibiotic resistance to humans are just a few examples [86]. Thus, economic losses
in livestock industry are generally due to increased mortality, performance losses, and costs associated with
treatment and control of infections. Mortality rates characterized to Salmonella infection are particularly high in
young animals, due to the required the large amount of treatment [27]. Salmonellosis is the most severe forms of
enteric fever and food poisoning in humans and animals and remains a major threat to public health,
contributing to the economic burden worldwide [55]. Even though, Salmonellosis have been associated with a
wide ranges of food sources, in particular poultry, have been considered as the main cause of human
salmonellosis [87].

In the United States, the incident rate of non-typhoidal salmonellosis has doubled in the past two
decades. CDC estimates Salmonella causes about 1.2 million illnesses, 23,000 hospitalizations, and 450 deaths
in the United States every year. Food is the source for about 1 million of these illnesses [88, 89]. Sheep and
goats can be reservoir in variety of Salmonella serovars, including the most common serovars for human
infections, Salmonella enterica serovar Enteritidis and Salmonella enterica serovar Typhimurium [90]. Contact
with small ruminant poses a health risk to occupationally exposed subpopulations as well as the general public,
but the risk varies greatly depending on the serotype [27]. In 2004, 192,703 human cases of salmonellosis were
reported in the European Union (EU). These and similar data from other countries almost certainly
underestimate the scope of the problem, as many salmonellosis cases go unreported. In addition to human health
implications, Salmonella may be a pathogen of great importance in worldwide animal production and therefore
the emergence of antibiotic-resistant strains, due principally to the therapeutic use of antimicrobials in animals,
could be a further threat to human and animal health [91]. Human salmonellosis is considered as an significant
socioeconomic disease posing substantial economic burden globally [92]. It also generates negative economic
impacts for surveillance investigation, and treatment and prevention measures [68]. EU Commissioner for
Health and Consumer Protection, estimated the costs of food-borne Salmonella alone are up to € 2.8 billion
annually in EU countries altogether [89, 93].

In Malaysia, food and waterborne diseases (e.g., typhoid, cholera, dysentery, hepatitis A, and food
poisoning) have a prevalence of 60.28 cases per 100,000 individuals with the reference typhoid fever being the
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most common and the majority of the other cases of food poisoning. According to the Ministry of Health
Malaysia 2007, outbreaks of foodborne diseases were mostly due to unhygienic food handling, resulting in more
than 50% of the food poisoning cases classified as the NTS serovars Typhimurium, Enteritidis, and Corvallis
[94]. Typhoid fever is a common foodborne disease in Malaysia. In Klang Valley, typhoid cases were higher in
men (n = 272) at 55.6% than in women (n = 217) at 44.4%. The mean age of typhoid fever cases in Klang
Valley was 29.80 years (+17.44). Most of the typhoid cases were detected among patients aged 21 to 30 years
[95]. Other studies in Malaysia have shown that children (0—4 years) and young adults (25-29 years) were more
susceptible to typhoid than the older age population [96]. The overall trend of typhoid cases in Klang Valley had
increased from 2011 (37 cases), 2012 (44 cases) and 2013 (50 cases). There was a sudden spike of cases in 2015
with 98 cases compared with 36 cases in 2014. This sudden increase was related with an outbreak that involved
construction workers where 13.7% (n = 70) of cases from this study were contributed by foreigners [95].
Typhoid fever is endemic in Malaysia where the country still experiences periodic epidemic outbreaks. In
Malaysia, typhoid is more common in Kelantan state where various outbreaks were recorded in Kelantan in
2001 until 2007 [96], with a major outbreak in 2005. A previous study from the outbreak of typhoid fever in
Kelantan In 2005, State Health Department of Kelantan reported 517 confirmed typhoid reported cases.
Included 2 deaths cases, Show that 19 (2.14%) food samples, 12 (2.9%) drinking water samples and 2 (0.2%)
food handlers tested positive for Salmonella spp [97]. The annual incidence rate in Kelantan state (which has 10
districts) was 37 per 100,000 population were estimated [95]. Other reports in Malaysia revealed that the
incidence rates of typhoid fever in the Federal Territory of Kuala Lumpur for 1996 and 1997 were 3.68 and 3.78
per 100,000 population respectively [98], but lower incidence rates were recorded in a study from Klang Valley
with 0.58 and 1.42 per 100,000 population in 2011 and 2015, respectively. Another study from Perak state
observed an outbreak in a residential school shows Salmonella enteritidis strain was isolated from the clinical
samples from the infected patients, and food sample, microbiological analysis for the clinical samples(rectal
swabs) from 26 of the samples (89.6%) out of 29 patients were positive to Salmonella enteritidis [99].

The annual incidence rate in Malaysia is between 10.2 and 17.9 per 100,000 population [95]. The most
common non typhoidal Salmonella Serotypes identified and reported to the Laboratory Based Surveillance
database, 2003-2005 includes; serotypes Enteritidis, Weltevreden, Corvallis, Typhimurium, Stanley, Biegdam,
Tshongwe, Albany, Braenderup, and Newport [97].

Antibiotic resistance of Salmonella

The development of antimicrobial resistance in Salmonella strains is a serious health concern globally
[100]. In the early 1960s, the first incidence of Salmonella resistance to the antibiotics was discovered in
particularly chloramphenicol [101]. Meanwhile, the frequencies of Salmonella isolation towards resistance to
one or more antimicrobial agents have become increasingly prevalent in many countries around the world
[102].The primary key factors contributing the development of resistance in LMIC countries include poor drug-
resistant infections surveillance, quality of the available antibiotics are low, clinical misuse, and antibiotics
accessibility. Whereas similar drivers leading to the developed countries include unregulated use of antibiotics
and the weak of low on medication imports and rampant use of antibiotics in food-producing animals [103].
Livestock under intensive farm management generally use large amounts of antimicrobials for wellbeing
farming conditions, therapeutic level to improve the health, productivity, and economic revenues by reduction of
disease occurrence, morbidity and mortality of animals [104]. Misuse of these antimicrobials leading food
contamination with resistant bacterial strains that can be transferred to other pathogens, potentially failure the
treatment of severe bacterial infections, also from livestock into the environment and food chain to human
consumption of contaminated food with resistant bacteria which cause a major burden for public health [43,
105].

Therefore, prevalence of resistant Salmonella towards antimicrobials has reported many countries from
different types of food. Annual estimation of antimicrobial-resistant Salmonella spp., infections about 100,000
in United States[106]. In Vietnam study in raw meat and poultry samples was observed that approximately
50.5% of the Salmonella spp. isolates were resistant to at least one antibiotic; the highest prevalence rates of
resistance was in pork 78.1% and chicken samples 88.9% [43]. Previous reviews from Asian countries, India,
Pakistan and Vietnam and Malaysia shown higher rates of MDR isolates of Salmonella spp., than Indonesia and
China [59, 107] another study revealed with a high rate of MDR isolates of Salmonella spp., in Pakistan, India,
Nepal and Vietnam, while in China, Indonesia and Laos the incidence rate of MDR Salmonella spp., is
relatively low [108]. Another study from Senegal shown that 78.9% Salmonella isolates were resistant to one or
more antimicrobials [42]. In Malaysia study revealed that 55% of the Salmonella isolates were multidrug
resistant[58]. Previously reported by [59], 67% of Salmonella was MDR.
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Mechanisms of Antimicrobial Resistance

Resistance mechanism generally contains three sections; antimicrobial inactivation; decreased
permeability; and antimicrobial agent alteration or replacement; [109-111]. Permeability changes in the bacterial
cell wall which restricts antimicrobial access to the target sites, active efflux of the antibiotic from the microbial
cell, enzymatic modification of the antibiotic, degradation of the antimicrobial agent, acquisition of alternative
metabolic pathways to those inhibited by the drugs, modification of antibiotic targets and overproduction of
target enzyme. Of particular concern is the development of resistance to key antibiotics such as the tetracyclines,
Sulphonamides and Trimethoprim, quinolones and fluoroquinolones beta lactamas, aminoglycosides and
chloramphenicol [112, 113]. Here we briefly review the above listed antibiotics in details:

Tetracyclines

Tetracyclines are broad spectrum antibiotics against wide range of gram negative and gram positive
bacteria, atypical organisms such as chlamydiae, mycoplasmas and rickettsiae and protozoan parasites [114].
Tetracyclines are one of the widely used antibiotic in human, veterinary medicine and livestock farming as
growth promoter in animal industry and for prophylaxis in plant agriculture and aquaculture as a result of their
efficiency, low cost and safety [114, 115]. Tetracyclines are characterized as first-generation tetracycline,
including tetracycline; chlortetracycline and oxytetracycline and second generation tetracyclines such as
minocycline and doxycline [115]. Tetracycline inhibit proteins synthesis by preventing the binding of aminoacyl
tRNA to the 30s ribosomal subunit acceptor site in the bacterial cell [114]. Resistance mechanisms to
tetracycline include efflux pumps, ribosomal protection proteins (RPPs), and inactivation of the enzymes [110] .
However, in Salmonella and E. coli efflux systems are more prevalent and the genes associated with an efflux
mechanism, including Salmonella tet(A), tet(B), tet(G), and tet(R) and E.coli tet(A), tet(B), tet(C), tet(D),
tet(E), tet(G), tet(J), tet(L), and tet(Y) [109, 115-117] . Tetracycline resistance has spread to most bacteria
genera due to the consequence use over a long time in humans, in animals, and as growth promoters in animals
[109, 114]. Tetracycline resistance in most bacteria is due to the acquisition of new genes, often associated with
mobile elements. These genes are usually associated with plasmids and/or transposons and are often conjugative
[117].

Sulphonamides and Trimethoprim

Trimethoprim and sulfonamides are synthetic antibacterial agents with a broad antibacterial spectrum
for gram positive and gram negative bacteria used for treatment of respiratory system, skin and urinary tract
infections [116]. Sulfonamides and trimethoprim work on the pathway of folic acid in bacteria by interfering the
production of dihydrofolic acid. They have been used in food animals as growth promoters and for treatment of
coccidiosis in poultry and colibacillosis in swine [109, 118] . Sulfonamides are bacteriostatic when used alone
or bacteriocidal when used in combination (trimethoprim-sulfamethoxazole) [109, 119] . Sulfonamides compete
with the structural analog p-amino- benzoic acid for binding to dihydropteroate synthase (DHPS), a catalytic
enzyme in the folic acid biosynthesis pathway thus inhibiting the formation of dihydrofolic acid [120].
Resistance in gram-negative bacilli generally arises from the acquisition of dihydropteroate synthase (DHPS)
genes in the integrons that are not inhibited by the drug [121]. Resistance mechanism of trimethoprime
including: efflux pumps, mutation in the target enzymes impaired drug penetration, existence of naturally
insensitive target dihydrofolate reductase enzymes, and the acquirement of drug-resistant target enzymes.
Sulphonamide and trimethoprim is resistance is often encoded by Sull,Sul2 and Sul3 genes and dhfr or dfr genes
in Salmonella and E.coli animal isolates respectively [122-126].

Beta Lactams

Penicillin was the first Beta lactams antibiotic discovered and developed for clinical use in humans, and
was one of the first antibiotics to which bacteria developed resistant [109, 110]. Beta lactams contain penicillin
and cephalosporins which kill the bacteria by interfering with cell- wall biosynthesis. The p-lactam antibiotics
are active inhibiting the cell wall synthesis by binding to the penicillin-binding proteins (PBPs) in bacteria and
interfering the production of peptidoglycans in the bacterial cell wall resulting cytolysis due to osmotic pressure
[110]. The most common and important mechanism resistance in enterobacteriacea to B- lactams is the
production of B-lactamases including extended-spectrum pB-lactamases (ESBLS),plasmid-mediated AmpC
enzymes and carbapenem-hydrolyzing B-lactamases (carbapenemases) [110, 127, 128] which are encoded
chromosomally or on plasmids and inactivate p -lactams by hydrolyzing the p-lactam ring [129]. The beta
lactams used in veterinary medicine include, penicillins, ampicillin, amoxillin, benzyl penicillin, cloxacillin,
hetacillin, nafcillin, penethamatehydroiodide [129];Penicillin beta lactamase inhibitor combination,
amoxicillin/clavulanate first generation cephalosporins (cefadroxil, cefapiril, cephalexin), third generation
cephalosporin (cefovecin, cefpodoxime, ceftiofur and fourth generation cephalosporins) [129].
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Aminoglycosides

Aminoglycosides are antimicrobials that inhibit protein synthesis and modify the integrity of bacterial
cell membranes by binding to bacterial ribosome [130]. They have a broad antimicrobial spectrum for treating a
broad range of life-threatening infections in humans, animals and for bacterial disease control in plants [131].
Most commonly used aminoglycosides in animal husbandry include gentamicin, neomycin, or streptomycin
[132]. Aminoglycosides is an enzymatic modification of the compound; several aminoglycoside resistance
mechanisms have been recognized such as active efflux; decreased permeability, ribosomal alteration; and
enzymatic modification of the 16S rRNA to prevent the aminoglycoside from binding to its ribosomal target can
lead to resistance. Enzymatic inactivation is normally due to acetyl transferases, nucleotidyltransferases and
phosphotransferases [109, 110].

Quinolones and Floroquinolones

Quinolones are broad spectrum antimicrobials agents that have been used widely in human medicine
and veterinary practice in treatment of infections caused by enteric bacteria such as Salmonella and Escherichia
coli [109]. A number of fluoroquinolones have been used in food animals including ciprofloxacin, enrofloxacin,
difloxacin, marbofloxacin, orbifloxacin, and sarafloxacin [133]. All fluoroquinolones has the same mode of
action inhibition of the topoisomerase genes leading to inhibition of DNA replication for the use of humans or
veterinary medicine [133]. The most common resistance mechanism to quinolones due to decreased
permeability of the antimicrobial to the cell, efflux pumps, or alterations in the target enzymes DNA gyrase (the
gyrA and gyrB genes) or topoisomerase genes (parC and par E genes). Most of these mutations occur in the
quinolone resistance determining region (QRDR) which is a conserved site in these enzymes targeted by these
antimicrobials [109, 133, 134]. For instance, E. coli resistance due to alterations in genes that encode subunits of
the quinolone targets DNA gyrase (in the gyrA and gyrB genes) and topoisomerase IV (in parC and parE
genes). Quinolones block the reaction and trap gyrase or topoisomerase IV as a drug- enzyme-DNA complex
with subsequent release of lethal double stranded DNA breaks [134].

Chloramphenicol

The use of chloramphenicol in veterinary medicine has been banned from U.S and European Union
(EU) for food animals due to its possible toxic effects on humans arising from chloramphenicol residues in
carcasses of food animals, and limited uses to pets and non-food-producing animals [109, 135].
Chloramphenicol is a highly specific and potent inhibitor of protein biosynthesis of the bacteria due to inhibition
of peptide chain elongation [110, 135]. The most frequently resistance mechanism of bacterial to
chloramphenicol is enzymatic inactivation by chloramphenicol acetyltransferases (CATs) [109, 111], or non-
enzymatic resistance by efflux pumps such as floR and cmlA [136]. In addition, the resistance gene floR is in
the class | integron located in Salmonella Genomic Islandl (SGI-1) [124, 137, 138] . Florfenicol which is a
fluorinated structural analog of thiamphenicol and chloramphenicol was approved for the treatment of bovine
respiratory disease worldwide. Resistance florfenicol has been detected in clinically ill cattle and chickens [139,
140]. However, there are reports on other of chloramphenicol resistance mechanisms such as inactivation by
phosphotransferases, mutation of the target site and permeability barriers [135].

Conflict of Interest
The authors declare that they have no any conflict of interest

Acknowledgements
The authors gratefully acknowledge the individuals contributed for their expertise and assistance throughout all
aspects in writing the manuscript.

References

[1]. Pavlov A, Lashev L, Vachin |, Rusev V: Residues of antimicrobial drugs in chicken meat and offals. Trakia J Sci 2008, 6(1):23-
25.

[2]. Elmi SA, Simons D, Elton L, Haider N, Abdel Hamid MM, Shuaib YA, Khan MA, Othman I, Kock R, Osman AY: Identification
of Risk Factors Associated with Resistant Escherichia coli Isolates from Poultry Farms in the East Coast of Peninsular
Malaysia: A Cross Sectional Study. Antibiotics 2021, 10(2):117.

[3]. Marazuela M, Bogialli S: A review of novel strategies of sample preparation for the determination of antibacterial residues in
foodstuffs using liquid chromatography-based analytical methods. Analytica Chimica Acta 2009, 645(1-2):5-17.

[4]. Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, Guerin PJ, Piddock LJ: Understanding the mechanisms
and drivers of antimicrobial resistance. The Lancet 2016, 387(10014):176-187.

[5]. Fancher CA, Zhang L, Kiess AS, Adhikari PA, Dinh TT, Sukumaran AT: Avian pathogenic Escherichia coli and Clostridium
perfringens: Challenges in no antibiotics ever broiler production and potential solutions. Microorganisms 2020, 8(10):1533.

[6]. Millan J, Aduriz G, Moreno B, Juste R, Barral M: Salmonella isolates from wild birds and mammals in the Basque Country
(Spain). Revue Scientifique et Technique-Office International des Epizooties 2004, 23(3):905-912.

DOI: 10.9790/2380-1406030111 www.iosrjournals.org 7 | Page



The Epidemiology And Antimicrobial Resistance Of Salmonella: A Review

[71.

8.
[9].

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].

[21].
[22].

[23].

[24].
[25].

[26].

[271.
[28].

[29].
[30].

[31].
[32].
[33].
[34].
[35].

[36].

[37].
[38].
[39].
[40].

[41].

[42].
[43].
[44].

[45].

Dallal MMS, Doyle MP, Rezadehbashi M, Dabiri H, Sanaei M, Modarresi S, Bakhtiari R, Sharifiy K, Taremi M, Zali MR:
Prevalence and antimicrobial resistance profiles of Salmonella serotypes, Campylobacter and Yersinia spp. isolated from
retail chicken and beef, Tehran, Iran. Food Control 2010, 21(4):388-392.

Bolton DJ, Ivory C, McDowell D: A study of Salmonella in pigs from birth to carcass: Serotypes, genotypes, antibiotic
resistance and virulence profiles. International journal of food microbiology 2013, 160(3):298-303.

Fearnley E, Raupach J, Lagala F, Cameron S: Salmonella in chicken meat, eggs and humans; Adelaide, South Australia, 2008.
International journal of food microbiology 2011, 146(3):219-227.

Sant’Ana AS, Landgraf M, Destro MT, Franco BD: Prevalence and counts of Salmonella spp. in minimally processed
vegetables in S&o Paulo, Brazil. Food microbiology 2011, 28(6):1235-1237.

de Freitas CG, Santana AP, da Silva PHC, Gongalves VSP, Barros MdAF, Torres FAG, Murata LS, Perecmanis S: PCR multiplex
for detection of Salmonella Enteritidis, Typhi and Typhimurium and occurrence in poultry meat. International journal of
food microbiology 2010, 139(1-2):15-22.

Salmon D, Smith T: The bacterium of swine plague. Am Month Micr J 1886, 7:204.

Su L, Chiu C: Salmonella: clinical importance and evolution of nomenclature. Chang Gung medical journal 2007, 30(3):210.
Bintsis T: Foodborne pathogens. AIMS microbiology 2017, 3(3):529.

Doyle M: Foodborne bacterial pathogens: CRC Press; 1989.

Kauffmann F: The Diagnosis of Salmonella Types. The Diagnosis of Salmonella Types 1950.

Kemal J: A review on the public health importance of bovine salmonellosis. Veterinary Science & Technology 2014, 5(2):1.
Angulo F, Brenner F, Swaminathan B, Tauxe R, Villar R: Salmonella nomenclature. J Clin Microbiol 2000, 38:2465-2467.

Jajere SM: A review of Salmonella enterica with particular focus on the pathogenicity and virulence factors, host specificity
and antimicrobial resistance including multidrug resistance. Veterinary world 2019, 12(4):504.

Grimont PA, Weill F-X: Antigenic formulae of the Salmonella serovars. WHO collaborating centre for reference and research
on Salmonella 2007, 9:1-166.

Andrews HL, Baumler AJ: Salmonella species. Foodborne pathogens: microbiology and molecular biology 2005:327-339.

Parry CM: Epidemiological and clinical aspects of human typhoid fever. Salmonella infections: Clinical, immunological and
molecular aspects 2006:1-18.

Boyen F, Haesebrouck F, Maes D, VVan Immerseel F, Ducatelle R, Pasmans F: Non-typhoidal Salmonella infections in pigs: a
closer look at epidemiology, pathogenesis and control. Veterinary microbiology 2008, 130(1-2):1-19.

Fedorka-Cray PJ, Gray JT, Wray C: Salmonella infections in pigs. Salmonella in domestic animals 2000:191-207.

Didelot X, Bowden R, Street T, Golubchik T, Spencer C, McVean G, Sangal V, Anjum MF, Achtman M, Falush D:
Recombination and population structure in Salmonella enterica. PLoS Genet 2011, 7(7):e1002191.

Card R, Vaughan K, Bagnall M, Spiropoulos J, Cooley W, Strickland T, Davies R, Anjum MF: Virulence characterisation of
Salmonella enterica isolates of differing antimicrobial resistance recovered from UK livestock and imported meat samples.
Frontiers in microbiology 2016, 7:640.

Hoelzer K, Switt AIM, Wiedmann M: Animal contact as a source of human non-typhoidal salmonellosis. Veterinary research
2011, 42(1):1-28.

Brenner F, Villar R, Angulo F, Tauxe R, Swaminathan B: Salmonella nomenclature. Journal of clinical microbiology 2000,
38(7):2465-2467.

Popoff MY, Le Minor Lo: Antigenic formulas of the Salmonella serovars. 1997.

Modarressi S, Thong KL: Isolation and molecular sub typing of Salmonella enterica from chicken, beef and street foods in
Malaysia. Scientific Research and Essays 2010, 5(18):2713-2720.

Hu L, Kopecko DJ: Typhoid salmonella. FOOD SCIENCE AND TECHNOLOGY-NEW YORK-MARCEL DEKKER- 2003:151-
166.

Getenet B: Phenotypic and molecular characterizations of Salmonella species in Ethiopia. A PhD thesis on Medical
Microbiology presented to the School of Graduate Studies of Addis Ababa University, Ethiopia 2008.

Pui C, Wong W, Chai L, Tunung R, Jeyaletchumi P, Hidayah N, Ubong A, Farinazleen M, Cheah Y, Son R: Salmonella: A
foodborne pathogen. International Food Research Journal 2011, 18(2).

Chiu C-H, Su L-H, Chu C: Salmonella enterica serotype Choleraesuis: epidemiology, pathogenesis, clinical disease, and
treatment. Clinical microbiology reviews 2004, 17(2):311-322.

Organization WH: WHO estimates of the global burden of foodborne diseases: foodborne disease burden epidemiology
reference group 2007-2015: World Health Organization; 2015.

Stevens A, Kaboré Y, Perrier-Gros-Claude J-D, Millemann Y, Brisabois A, Catteau M, Cavin J-F, Dufour B: Prevalence and
antibiotic-resistance of Salmonella isolated from beef sampled from the slaughterhouse and from retailers in Dakar
(Senegal). International Journal of Food Microbiology 2006, 110(2):178-186.

Kidgell C, Reichard U, Wain J, Linz B, Torpdahl M, Dougan G, Achtman M: Salmonella typhi, the causative agent of typhoid
fever, is approximately 50,000 years old. Infection, Genetics and Evolution 2002, 2(1):39-45.

Ferrari RG, Rosario DK, Cunha-Neto A, Mano SB, Figueiredo EE, Conte-Junior CA: Worldwide epidemiology of Salmonella
serovars in animal-based foods: a meta-analysis. Applied and environmental microbiology 2019, 85(14).

Rounds JM, Hedberg CW, Meyer S, Boxrud DJ, Smith KE: Salmonella enterica pulsed-field gel electrophoresis clusters,
Minnesota, USA, 2001-2007. Emerging infectious diseases 2010, 16(11):1678.

Brawn LC, Hayward RD, Koronakis V: Salmonella SPI1 effector SipA persists after entry and cooperates with a SP12 effector
to regulate phagosome maturation and intracellular replication. Cell host & microbe 2007, 1(1):63-75.

Mermin J, Hutwagner L, Vugia D, Shallow S, Daily P, Bender J, Koehler J, Marcus R, Angulo FJ, Group EIPFW: Reptiles,
amphibians, and human Salmonella infection: a population-based, case-control study. Clinical Infectious Diseases 2004,
38(Supplement_3):5253-S261.

Bada-Alambedji R, Fofana A, Seydi M, Akakpo AJ: Antimicrobial resistance of Salmonella isolated from poultry carcasses in
Dakar (Senegal). Brazilian Journal of Microbiology 2006, 37(4):510-515.

Van TTH, Moutafis G, Istivan T, Tran LT, Coloe PJ: Detection of Salmonella spp. in retail raw food samples from Vietnam and
characterization of their antibiotic resistance. Applied and environmental microbiology 2007, 73(21):6885.

Harrison W, Griffith C, Tennant D, Peters A: Incidence of Campylobacter and Salmonella isolated from retail chicken and
associated packaging in South Wales. Letters in applied microbiology 2001, 33(6):450-454.

Plummer RA, Blissett SJ, Dodd CE: Salmonella contamination of retail chicken products sold in the UK. Journal of Food
Protection 1995, 58(8):843-846.

DOI: 10.9790/2380-1406030111 www.iosrjournals.org 8 | Page



The Epidemiology And Antimicrobial Resistance Of Salmonella: A Review

[46].

[47].

[48].
[49].

[50].

[51].
[52].

[53].

[54].
[55].
[56].
[57).

[58].

[59].
[60].
[61].
[62].
[63].

[64].

[65].

[66].
[67].

[68].

[69].
[70].

[71].
[72].
[73].

[74].

[75].

[76].

[77].

[78].

[79].

Duffy G, Cloak O, O'Sullivan M, Guillet A, Sheridan J, Blair I, McDowell D: The incidence and antibiotic resistance profiles of
Salmonella spp. on Irish retail meat products. Food Microbiology 1999, 16(6):623-631.

Jordan E, Egan J, Dullea C, Ward J, McGillicuddy K, Murray G, Murphy A, Bradshaw B, Leonard N, Rafter P: Salmonella
surveillance in raw and cooked meat and meat products in the Republic of Ireland from 2002 to 2004. International journal of
food microbiology 2006, 112(1):66-70.

Van Duijkeren E, Wannet W, Houwers D, Van Pelt W: Antimicrobial susceptibilities of Salmonella strains isolated from
humans, cattle, pigs, and chickens in the Netherlands from 1984 to 2001. Journal of Clinical Microbiology 2003, 41(8):3574.
Dominguez C, Gomez I, Zumalacarregui J: Prevalence of Salmonella and Campylobacter in retail chicken meat in Spain.
International journal of food microbiology 2002, 72(1-2):165-168.

Uyttendaele M, De Troy P, Debevere J: Incidence of Salmonella, Campylobacter jejuni, Campylobacter coli, and Listeria
monocytogenes in poultry carcasses and different types of poultry products for sale on the Belgian retail market. Journal of
food protection 1999, 62(7):735-740.

Chung Y, Kim S, Chang Y: Prevalence and antibiotic susceptibility of Salmonella isolated from foods in Korea from 1993 to
2001. Journal of food protection 2003, 66(7):1154-1157.

Antunes Pc, Réu C, Sousa JC, Peixe Ls, Pestana N: Incidence of Salmonella from poultry products and their susceptibility to
antimicrobial agents. International journal of food microbiology 2003, 82(2):97-103.

Thung T, Mahyudin N, Basri D, Radzi CWM, Nakaguchi Y, Nishibuchi M, Radu S: Prevalence and antibiotic resistance of
Salmonella Enteritidis and Salmonella Typhimurium in raw chicken meat at retail markets in Malaysia. Poultry Science
2016, 95(8):1888-1893.

Shafini A, Son R, Mahyudin N, Rukayadi Y, Zainazor TT: Prevalence of Salmonella spp. in chicken and beef from retail outlets
in Malaysia. International Food Research Journal 2017, 24(1):437.

Nidaullah H, Abirami N, Shamila-Syuhada AK, Chuah L-O, Nurul H, Tan TP, Abidin FWZ, Rusul G: Prevalence of Salmonellain
poultry processing environments in wet markets in Penang and Perlis, Malaysia. Veterinary world 2017, 10(3):286.

Rusul G, Khair J, Radu S, Cheah C, Yassin RM: Prevalence of Salmonella in broilers at retail outlets, processing plants and
farms in Malaysia. International Journal of Food Microbiology 1996, 33(2-3):183-194.

Arumugaswamy R, Rusul G, Hamid SA, Cheah C: Prevalence of Salmonella in raw and cooked foods in Malaysia. Food
Microbiology 1995, 12:3-8.

Abatcha MG, Effarizah ME, Rusul G: Prevalence, antimicrobial resistance, resistance genes and class 1 integrons of
Salmonella serovars in leafy vegetables, chicken carcasses and related processing environments in Malaysian fresh food
markets. Food Control 2018, 91:170-180.

Thong KL, Modarressi S: Antimicrobial resistant genes associated with Salmonella from retail meats and street foods. Food
Research International 2011, 44(9):2641-2646.

Ponce E, Khan AA, Cheng C-M, Summage-West C, Cerniglia CE: Prevalence and characterization of Salmonella enterica
serovar Weltevreden from imported seafood. Food Microbiology 2008, 25(1):29-35.

Wong DLF, Hald T, Van Der Wolf P, Swanenburg M: Epidemiology and control measures for Salmonella in pigs and pork.
Livestock Production Science 2002, 76(3):215-222.

Antunes P, Mourdo J, Campos J, Peixe L: Salmonellosis: the role of poultry meat. Clinical Microbiology and Infection 2016,
22(2):110-121.

Budgell S, Ing J, Elliot R: Salmonella enterica outbreak associated with an agricultural exhibition. Environmental Health
Review 2004:21-24.

Bender JB, Shulman SA, Veterinarians AiPCsotNA0SPH: Reports of zoonotic disease outbreaks associated with animal
exhibits and availability of recommendations for preventing zoonotic disease transmission from animals to people in such
settings. Journal of the American Veterinary Medical Association 2004, 224(7):1105-1109.

White DG, Zhao S, Sudler R, Ayers S, Friedman S, Chen S, McDermott PF, McDermott S, Wagner DD, Meng J: The isolation of
antibiotic-resistant Salmonella from retail ground meats. New England journal of medicine 2001, 345(16):1147-1154.

Wray C, Davies RH: Salmonella infections in cattle. Salmonella in domestic animals 2000:169-190.

Dahal N, Ellerbroek L, Poosaran N: Prevalence and antimicrobial resistance of Salmonella in imported chicken carcasses in
Bhutan. National Cent Anim Health 2007, 1:1-92.

Ferede B: Isolation, identification, antimicrobial susceptibility test and public awareness of Salmonella on raw goat meat at
Dire Dawa Municipal Abattoir, eastern Ethiopia. Addis Ababa University; 2014.

Pediatrics AAo: Salmonella Typhimurium Outbreak From African Dwarf Frogs. AAP Grand Rounds 2013, 30(1):2-2.

Jang Y-H, Lee S-J, Lim J, Lee H-S, Kim T-J, Park J-H, Chung B, Choe N-H: The rate of Salmonella spp. infection in zoo
animals at Seoul Grand Park, Korea. Journal of veterinary science 2008, 9(2):177.

Manual O: Manual of standards for diagnostic tests and vaccines. Office International Des Epizooties 2000.

Voogt N, Raes M, Wannet W, Henken A, Van De Giessen A: Comparison of selective enrichment media for the detection of
Salmonella in poultry faeces. Letters in applied microbiology 2001, 32(2):89-92.

Standardization 10f: Microbiology of Food and Animal Feeding Stuffs: Horizontal Method for the Detection of Salmonella
Spp. Detection of Salmonella spp. in animal faeces and in environmental samples from the primary production stage.
Amendment 1, Annex D: ISO; 2007.

Proux K, Humbert F, Jouy E, Houdayer C, Lalande F, Oger A, Salvat G: Improvements required for the detection of Salmonella
Pullorum and Gallinarum. Canadian journal of veterinary research 2002, 66(3):151.

Addis Z, Kebede N, Sisay Z, Alemayehu H, Wubetie A, 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 2011, 11(1):1-7.

Malorny B, Paccassoni E, Fach P, Bunge C, Martin A, Helmuth R: Diagnostic real-time PCR for detection of Salmonella in
food. Applied and environmental microbiology 2004, 70(12):7046-7052.

Chuah L-O, Syuhada A-KS, Suhaimi IM, Hanim TF, Rusul G: Genetic relatedness, antimicrobial resistance and biofilm
formation of Salmonella isolated from naturally contaminated poultry and their processing environment in northern
Malaysia. Food research international 2018, 105:743-751.

Santos LRd, Nascimento VPd, Oliveira SDd, Flores ML, Pontes AP, Ribeiro AR, Salle CTP, Lopes RFF: Polymerase chain
reaction (PCR) for the detection of Salmonella in artificially inoculated chicken meat. Revista do Instituto de Medicina
Tropical de S&o Paulo 2001, 43(5):247-250.

Riyaz-Ul-Hassan S, Verma V, Qazi GN: Rapid detection of Salmonella by polymerase chain reaction. Molecular and cellular
probes 2004, 18(5):333-339.

DOI: 10.9790/2380-1406030111 www.iosrjournals.org 9| Page



The Epidemiology And Antimicrobial Resistance Of Salmonella: A Review

[80].
[81].

[82].

[83].
[84].
[85].
[86].
[87).
[88].
[89].
[90].
[91].

[92].

[93].
[94].
[95].

[96].

[97].
[98].

[99].

[100].
[101].
[102].
[103].
[104].
[105].
[106].

[107].

[108].

[109].
[110].
[111].
[112].

[113].

Piknova L, Kaclikova E, Pangallo D, Polek B, Kuchta T: Quantification of Salmonella by 5'-nuclease real-time polymerase
chain reaction targeted to fimC gene. Current microbiology 2005, 50(1):38-42.

Ebner PD, Mathew AG: Three molecular methods to identify Salmonella enterica serotype Typhimurium DT104: PCR
fingerprinting, multiplex PCR and rapid PFGE. FEMS microbiology letters 2001, 205(1):25-29.

Abubakar 1, Irvine L, Aldus C, Wyatt G, Fordham R, Schelenz S, Shepstone L, Howe A, Peck M, Hunter P: A systematic review of
the clinical, public health and cost-effectiveness of rapid diagnostic tests for the detection and identification of bacterial
intestinal pathogens in faeces and food. Health technology assessment (Winchester, England) 2007, 11(36):1-216.

Rasooly A, Herold KE: Food microbial pathogen detection and analysis using DNA microarray technologies. Foodborne
pathogens and disease 2008, 5(4):531-550.

Olsen EV, Pathirana S, Samoylov A, Barbaree J, Chin B, Neely W, Vodyanoy V: Specific and selective biosensor for Salmonella
and its detection in the environment. Journal of Microbiological Methods 2003, 53(2):273-285.

CLSI: Performance standards for antimicrobial susceptibility testing of bacteria isolated from aquatic animals; second
informational supplement. Clinical and Laboratory Standards Institute 2014:PA.

Rocourt J, Moy G, Vierk K, Schlundt J: The Present State of Foodborne Disease in OECD Countries (on-line). Food Safety
Department, WHO, Geneva, Switzerland. In.; 2003.

Jackson BR, Griffin PM, Cole D, Walsh KA, Chai SJ: Outbreak-associated Salmonella enterica serotypes and food
commodities, United States, 1998-2008. Emerging infectious diseases 2013, 19(8):1239.

Abdul-Mutalib N, Syafinaz A, Sakai K, Shirai Y: An overview of foodborne illness and food safety in Malaysia. International
Food Research Journal 2015, 22(3):896.

Shekhar C: Global impact of salmonellosis on health and economy.

Schilling A-K, Hotzel H, Methner U, Sprague LD, Schmoock G, ElI-Adawy H, Ehricht R, Wéhr A-C, Erhard M, Geue L: Zoonotic
agents in small ruminants kept on city farms in southern Germany. Applied and environmental microbiology 2012,
78(11):3785-3793.

Forshell LP, Wierup M: Salmonella contamination: a significant challenge to the global marketing of animal food products.
Rev sci tech Off int Epiz 2006, 25(2):541-554.

Gutema FD, Agga GE, Abdi RD, De Zutter L, Duchateau L, Gabriél S: Prevalence and serotype diversity of Salmonella in
apparently healthy cattle: systematic review and meta-analysis of published studies, 2000-2017. Frontiers in veterinary
science 2019, 6:102.

team Ee: New EU ‘zoonoses package’of legislation to combat foodborne diseases. Weekly releases (1997-2007) 2003,
7(40):2305.

94. Woh PY, Thong KL, Behnke JM, Lewis JW, Zain SNM: Characterization of nontyphoidal Salmonella isolates
from asymptomatic migrant food handlers in Peninsular Malaysia. Journal of food protection 2017, 80(8):1378-1383.

95. Muhammad EN, Abdul Mutalip MH, Hasim MH, Paiwai F, Pan S, Mahmud MAF, Yeop N, Tee GH, Senin AA, Aris
T: The burden of typhoid fever in Klang Valley, Malaysia, 2011-2015. BMC Infectious Diseases 2020, 20(1):843.

96. Goay YX, Zaidi NFM, Low HC, Hussin HM, Hamzah WM, Bhore SJ, Balaram P, Ismail A, Phua KK:
Epidemiological analysis of typhoid fever in Kelantan from a retrieved registry. Malaysian Journal of Microbiology 2013,
9(2):147-151.

Thong KL: Surveillance and subtyping of Salmonella sp. In malaysia. Presentation slides by Kwai Lin Thong, PhD University of
Malaya Kuala Lumpur, Malaysia 2006.

Meftahuddin T: Review of the trends and causes of food borne outbreaks in Malaysia from 1988 to 1997. The Medical journal
of Malaysia 2002, 57(1):70-79.

Packierisamy P, Haron RR, Mustafa M, Mahir AH, Ayob A, Balan V: Outbreak caused by food-borne Salmonella enterica
serovar Enteriditis in a residential school in Perak state, Malaysia in April 2016. International Food Research Journal 2018,
25(6):2379-2384.

Chiu C-H, Wu T-L, Su L-H, Chu C, Chia J-H, Kuo A-J, Chien M-S, Lin T-Y: The emergence in Taiwan of fluoroquinolone
resistance in Salmonella enterica serotype Choleraesuis. New England Journal of Medicine 2002, 346(6):413-419.

Montville T, Matthews K: Food microbiology: An introduction, 2nd (edn). In.: United States of America: ASM Press,
Washington, DC; 2008.

Eng S-K, Pusparajah P, Ab Mutalib N-S, Ser H-L, Chan K-G, Lee L-H: Salmonella: a review on pathogenesis, epidemiology and
antibiotic resistance. Frontiers in Life Science 2015, 8(3):284-293.

Chokshi A, Sifri Z, Cennimo D, Horng H: Global contributors to antibiotic resistance. Journal of global infectious diseases
2019, 11(1):36.

Barlow J: Antimicrobial resistance and the use of antibiotics in the dairy industry: Facing consumer perceptions and
producer realities. WCDSAdvances in Dairy Technologies 2011, 23:47-58.

Organization WH: Antimicrobial resistance global report on surveillance: 2014 summary. In.: World Health Organization;
2014.

Angelo KM, Reynolds J, Karp BE, Hoekstra RM, Scheel CM, Friedman C: Antimicrobial Resistance Among Nontyphoidal
Salmonella Isolated From Blood in the United States, 2003—2013. The Journal of Infectious Diseases 2016, 214(10):1565-1570.
Ochiai RL, Acosta CJ, Danovaro-Holliday M, Baiging D, Bhattacharya SK, Agtini MD, Bhutta ZA, Canh DG, Ali M, Shin S: A
study of typhoid fever in five Asian countries: disease burden and implications for controls. Bulletin of the world health
organization 2008, 86:260-268.

Chuang C-H, Su L-H, Perera J, Carlos C, Tan BH, Kumarasinghe G, So T, Van P, Chongthaleong A, Hsueh P-R: Surveillance of
antimicrobial resistance of Salmonella enterica serotype Typhi in seven Asian countries. Epidemiology & Infection 2009,
137(2):266-269.

Frye JG, Jackson CR: Genetic mechanisms of antimicrobial resistance identified in Salmonella enterica, Escherichia coli, and
Enteroccocus spp. isolated from US food animals. Frontiers in microbiology 2013, 4:135.

Van Hoek AH, Mevius D, Guerra B, Mullany P, Roberts AP, Aarts HJ: Acquired antibiotic resistance genes: an overview.
Frontiers in microbiology 2011, 2:203.

Wright GD: Bacterial resistance to antibiotics: enzymatic degradation and modification. Advanced drug delivery reviews 2005,
57(10):1451-1470.

Herikstad H, Hayes P, Mokhtar M, Fracaro ML, Threlfall EJ, Angulo FJ: Emerging quinolone-resistant Salmonella in the United
States. Emerging infectious diseases 1997, 3(3):371.

Weill F-X, Demartin M, Fabre L, Grimont PA: Extended-spectrum-p-lactamase (TEM-52)-producing strains of Salmonella
enterica of various serotypes isolated in France. Journal of clinical microbiology 2004, 42(7):3359-3362.

DOl

: 10.9790/2380-1406030111 www.iosrjournals.org 10 | Page



The Epidemiology And Antimicrobial Resistance Of Salmonella: A Review

[114].
[115].
[116].
[117].
[118].
[119].
[120].
[121].

[122].
[123].

[124].

[125].

[126].

[127].
[128].
[129].
[130].
[131].
[132].
[133].

[134].
[135].

[136].
[137].

[138].

[139].

[140].

Chopra |, Roberts M: Tetracycline antibiotics: mode of action, applications, molecular biology, and epidemiology of bacterial
resistance. Microbiology and molecular biology reviews 2001, 65(2):232-260.

Koo H-J, Woo G-J: Distribution and transferability of tetracycline resistance determinants in Escherichia coli isolated from
meat and meat products. International journal of food microbiology 2011, 145(2-3):407-413.

Roberts MC: Resistance to tetracycline, macrolide-lincosamide-streptogramin, trimethoprim, and sulfonamide drug classes.
Molecular biotechnology 2002, 20(3):261-283.

Roberts MC: Update on acquired tetracycline resistance genes. FEMS microbiology letters 2005, 245(2):195-203.

Giguére S, Prescott JF, Dowling PM: Antimicrobial therapy in veterinary medicine: John Wiley & Sons; 2013.

Walsh C: Antibiotics: actions, origins, resistance: American Society for Microbiology (ASM); 2003.

Perreten V, Boerlin P: A new sulfonamide resistance gene (sul3) in Escherichia coli is widespread in the pig population of
Switzerland. Antimicrobial agents and chemotherapy 2003, 47(3):1169-1172.

Maka £, Mackiw E, Sciezyfska H, Modzelewska M, Popowska M: Resistance to sulfonamides and dissemination of sul genes
among Salmonella spp. isolated from food in Poland. Foodborne pathogens and disease 2015, 12(5):383-389.

Skold O: Resistance to trimethoprim and sulfonamides. Veterinary research 2001, 32(3-4):261-273.

Hammerum AM, Heuer OE: Human health hazards from antimicrobial-resistant Escherichia coli of animal origin. Clinical
Infectious Diseases 2009, 48(7):916-921.

Frye JG, Lindsey RL, Meinersmann RJ, Berrang ME, Jackson CR, Englen MD, Turpin JB, Fedorka-Cray PJ: Related
antimicrobial resistance genes detected in different bacterial species co-isolated from swine fecal samples. Foodborne
pathogens and disease 2011, 8(6):663-679.

Lindsey RL, Frye JG, Thitaram SN, Meinersmann RJ, Fedorka-Cray PJ, Englen MD: Characterization of multidrug-resistant
Escherichia coli by antimicrobial resistance profiles, plasmid replicon typing, and pulsed-field gel electrophoresis. Microbial
Drug Resistance 2011, 17(2):157-163.

Soufi L, Séenz Y, Vinué L, Abbassi MS, Ruiz E, Zarazaga M, Hassen AB, Hammami S, Torres C: Escherichia coli of poultry
food origin as reservoir of sulphonamide resistance genes and integrons. International journal of food microbiology 2011,
144(3):497-502.

Queenan AM, Bush K: Carbapenemases: the versatile B-lactamases. Clinical microbiology reviews 2007, 20(3):440-458.

Jacoby GA: AmpC B-lactamases. Clinical microbiology reviews 2009, 22(1):161-182.

Li X-Z, Mehrotra M, Ghimire S, Adewoye L: B-Lactam resistance and p-lactamases in bacteria of animal origin. Veterinary
microbiology 2007, 121(3-4):197-214.

Vakulenko SB, Mobashery S: Versatility of aminoglycosides and prospects for their future. Clinical microbiology reviews 2003,
16(3):430-450.

Kikuvi G, Schwarz S, Ombui J, Mitema E, Kehrenberg C: Streptomycin and chloramphenicol resistance genes in Escherichia
coli isolates from cattle, pigs, and chicken in Kenya. Microbial drug resistance 2007, 13(1):62-68.

Sandvang D, Aarestrup FM: Characterization of aminoglycoside resistance genes and class 1 integrons in porcine and bovine
gentamicin-resistant Escherichia coli. Microbial Drug Resistance 2000, 6(1):19-27.

Hopkins KL, Davies RH, Threlfall EJ: Mechanisms of quinolone resistance in Escherichia coli and Salmonella: recent
developments. International journal of antimicrobial agents 2005, 25(5):358-373.

Jacoby GA: Mechanisms of resistance to quinolones. Clinical infectious diseases 2005, 41(Supplement_2):S120-S126.

Schwarz S, Kehrenberg C, Doublet B, Cloeckaert A: Molecular basis of bacterial resistance to chloramphenicol and florfenicol.
FEMS microbiology reviews 2004, 28(5):519-542.

Dowling PM: Chloramphenicol, thiamphenicol, and florfenicol. Antimicrobial therapy in veterinary medicine 2013:269-277.
Glenn LM, Lindsey RL, Frank JF, Meinersmann RJ, Englen MD, Fedorka-Cray PJ, Frye JG: Analysis of antimicrobial resistance
genes detected in multidrug-resistant Salmonella enterica serovar Typhimurium isolated from food animals. Microbial Drug
Resistance 2011, 17(3):407-418.

Glenn LM, Englen MD, Lindsey RL, Frank JF, Turpin JE, Berrang ME, Meinersmann RJ, Fedorka-Cray PJ, Frye JG: Analysis of
antimicrobial resistance genes detected in multiple-drug-resistant Escherichia coli isolates from broiler chicken carcasses.
Microbial Drug Resistance 2012, 18(4):453-463.

Keyes K, Hudson C, Maurer JJ, Thayer S, White DG, Lee MD: Detection of Florfenicol Resistance Genes inEscherichia coli
Isolated from Sick Chickens. Antimicrobial Agents and Chemotherapy 2000, 44(2):421-424.

White DG, Hudson C, Maurer JJ, Ayers S, Zhao S, Lee MD, Bolton L, Foley T, Sherwood J: Characterization of
chloramphenicol and florfenicol resistance in Escherichia coli associated with bovine diarrhea. Journal of Clinical
Microbiology 2000, 38(12):4593-4598.

| Sharifo Ali Elmi, et. al. “The Epidemiology and Antimicrobial Resistance of Salmonella: A Review.: A
. Review.” I0SR Journal of Agriculture and Veterinary Science (IOSR-JAVS), 14(6), 2021, pp. 01-11.
|

DOI: 10.9790/2380-1406030111 www.iosrjournals.org 11 | Page



