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Salmonella Resistance in Broiler Chicken: Risk to Human Health
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ABSTRACT

Salmonella is the most common zoonotic foodborne pathogen of economic status in animals and humans.
The natural habitat of Salmonella is the gastrointestinal tract (GIT) of domestic and wild animals, part of
diverse foodstuffs of both animal and plant origin, that become infected directly or indirectly with
Salmonella. Most domestic and wild animals are infected with Salmonella spp. with no signs of illness.
Due to increasing antibiotic resistance of Salmonella, poultry food and feedstuff became the main source
of infection for humans. Appropriate risk analysis and effective control measures could reduce the
prevalence of Salmonellosis at production and processing sites, that eventually, improves human health
and be beneficial for mankind.
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1. INTRODUCTION

Animal proteins are the most demanded protein source around the World, accepted by different faith
groups. Whereas, poultry meat is considered as the most consumed and economic meat among animal
sources. In recent years, poultry meat consumption increased by 5.5% per capita worldwide, indicating
the demand for this product for protein availability and food security (Machado Junior et al. 2020).
Nonetheless, consumption of contaminated poultry products (meat, egg) was stated to induce 20.6%
foodborne diseases in the United States from 1998 to 2008, in which Salmonella spp. was one of the main
etiological agents (Painter et al. 2013). Salmonella natural habitat is GIT of birds and, can be entered into
the production system by contaminated water or feed, litter, live vectors and even through human
contaminated tools and boots etc. (Wales et al. 2010). Contaminated poultry meat and eggs are
considered as the main risk for human infections. Early, incorporation of antibiotics was considered as
the greatest solution to get rid of such zoonotic pathogenic bacteria, but later, with emergence of
antibiotic resistant Salmonella outbreaks changed the vision.

Risk analysis and modelling frameworks were carried out to evaluate and define control measures for the
risk of food borne diseases cause by Salmonella from layers (Namata et al. 2008), broilers (Namata et al.
2009; Rajan et al. 2017; Kloska et al. 2017), dairy cattle (Nielsen and Nielsen 2012), and pigs (Binter et al.
2011; Hill et al. 2016). Surveillance, vaccination and biosecurity have been associated to ultimate decline
in salmonellosis, so, need to focus and put more efforts on serotypes, cause incidence of disease in
humans such as Salmonella typhimurium and Salmonella enteritidis by adopting efficient control
measures in poultry and egg production (Hugas and Beloeil 2014). At both processing plants and
production site, simple hygiene practices could eliminate and prevent contamination of such pathogenic
microorganisms (Hugas and Beloeil 2014).

Poultry food safety requires appropriate management at each level of processing and production in such
a way that active antimicrobials can be applied. Steps should be taken to evaluate microbial testing and
data analysis for Salmonella positive forms and precautionary measures should be adopted to avoid cross
contamination. Once the problem, risks associated with execution of the problem, possible solution and
their implementation are strategically defined, then application of such solutions are validated and
applied for the next step. It is very important that these antimicrobial implementations be validated at
that step they are applied and as part of overall food safety. In addition to these antimicrobials, feed
additives which generate a positive effect on overall health of animals should be adopted in order to
generate safer and up to the mark of standard and quality food and feedstuff. Such food safety practices
should be implemented, understood and communicated throughout the poultry production and
processing continuum.

2. HISTORY OF SALMONELLA

The bacterium Salmonella was first found by Soholerin in 1839 (Myruvik et al. 1976), and isolated from a
person who died from typhoid fever by Eberth in 1880 from the tissues of spleen and mesenteric lymph
nodes. Later, in 1888 was cultured by Smith and Salmon from a pig, perished from hog cholera (Merchant
and Packer 1977). Later in 1888, Garter carried out its isolation in human (Bryan et al. 1979). However, the
major contribution in isolation of Salmonella was by White Kaufmann-Le Minor, out of 2600 serotypes 1600
of which belongs to S. enterica. Over 200 serotypes are reported to cause disease in humans (Xu et al. 2021).
For over a century, foodborne infections have been major health concerns that Salmonella instigated
(Worku et al. 2022) and are grouped as typhiodal salmonellosis (TS, commonly called enteric fever) and non-
typhoidal salmonellosis (NTS, commonly called gastroenteritis) infections (Ngogo et al. 2020; Akinyemi et al.
2021). Typhoid fever is caused by Salmonella enterica serovar typhi while the para-typhoid fever is caused
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by Salmonella paratyphi A, B and C (Akinyemi et al. 2021). While the source of NTS infection is group of S.
enterica serovars S. typhimurium, S. enteriditis and S. cholerasuis, these are responsible serovars that cause
infection in individuals through consumption of contaminated food products and diets (Thung et al. 2018).

3. CLASSIFICATION OF SALMONELLA SPECIES

Salmonella is a genus categorized in the family Enterobacteriacae, which retain thought-provoking
genotypic and phenotypic characteristics with peculiar nomenclature compared to bacteria of same and
outside the family (Oludairo et al. 2022). The classification of Salmonella remained controversial and
multifaceted (Euzeby 1999). According to most accepted nomenclature, based on variation in the
sequence of the 16Sr RNA gene, this genus comprises of two major species Salmonella enterica and
Salmonella bognori (Crump et al. 2011; Dione et al. 2011). Depending on the geographic distribution, host
adaptations, antigenic nature, biochemical reaction and DNA-relatedness the S. enterica is further
categorized in six sub-species (Carter and Wise 2004). These were S. enterica enterica (l), S. enterica
salamae (Il), S. enterica arizonae (ll1a) S. enterica diarizonae (lllb), S. enterica houtenae (1V) and S. enterica
indica (V).

While the S. bognori, most commonly occurs in cold-blooded animals and surroundings (Brenner et al.
2000). Seventeen serovars are identified and represented with symbol V (Jordain and Pattison 1996; Lake
et al. 2002). Among all, serovars of subspecies | (S. enterica) are highly pathogenic although other
subspecies and S. bongnori are relatively less infectious to animals and humans (Lake et al. 2002; Rahman
and Othman 2017).

Salmonella is classified into three species according to the biochemical characteristics of the genus, that
includes, S. Choleraesuis with only one serovar and specific host is swine, S.typhi also have one serovar
and it mainly infect humans. While, the third S. enteritidis contains about 2000 serovars and it includes all
serovars that infect animal and human (Carter and Wise 2004). According to host predilection Salmonella
can also be divided in three groups: adapted to man S. typhi and S. paratyphi, adapted to most of the
animals S. choleraesuis and serovars of S. enteritidis while the third have all the serotypes that are not
adapted to particular host. New serotypes are frequently identified and added to many previously
classified (Rahman and Othman 2017).

4. SALMONELLA OUTBREAKS

Zoonotic outbreaks are when individuals abide from the same diseases from animals, animal products and
associated environment (EFSA 2021; Abebe et al. 2020). Salmonella grounds for diverse diseases i.e.,
enteritis, septicemia and abortion, while rarely in less than 1% of clinical cases meningitis is also reported
(Gille-Johnson et al. 2000; Koonse et al. 2005). These diseases show less specificity for their host species
(Gopee et al. 2000; El-Sharkawy 2017).

In numerous regions of the world, salmonellosis is among the most substantial public health challenges
(Padungtod and Kaneene 2006; Vindigni et al. 2007). Occurrence also have been reported in southern
Thailand from poultry and eggs (Lertworapreecha et al. 2013), while in USA and Europe from meat and
beef (Yavari 2012; Heredia and Garcia 2018). Lecis et al (2011) studied the incidence of Salmonella in
fresh milk, pork and chocolate in Europe and parts of Africa. Epidemics have also been reported in
Africa, Europe and USA from insects and wildlife in (Hidalgo-Vila et al. 2007; Percipalle et al. 2011;
Heredia and Garcia 2018).

In Africa Non-typhi Salmonella appeared to be endemic and a major cause of bacteremia with 4100 deaths
per year mostly in children (Majowicz et al. 2010). As in South and Eastern Africa Salmonella typhi is the
foremost source of bloodstream infections with multiple outbreaks since 2012 (N’cho 2019). Very high
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incidence was reported in Malawi 444 cases per 100,000 person per year (Meiring et al. 2021). Among the
most common serotypes were Salmonella enteritidis and typhimurium was reported as a common cause
of iINTS (Feasey et al. 2015). In a case study on children from Kenya indicated 1.3% bloodstream infections
were caused by S. typhimurium and S. enteriditis while Salmonella typhi caused its 1.4% (Mbae et al. 2020).
Worrisome rising trend in NTS cases was reported from the Middle East and Northern Africa as Sudan
9.2% Tunisia 10.2%, and highest in Morroco was 17.9%. Whereas the lowest were reported in Oman 1.2%,
Palestine 1.2 % and Jordon 1.1%. (Andrews-Polymenis 2014; Fardsanei et al. 2018; Al-Rifai et al. 2019). In
Saudi Arabia, the Salmonella based infections become predominant during Umrah and Hajj season (Abd
El Ghany et al. 2017).

In the United States of America, a report by CDC (Centers for Disease Control and Prevention) estimated
1.35 million ilinesses in 2022, in which 26,500 hospitalizations and 420 deaths occur due to NTS infections
each year (Kuehn 2019). In late 2022, because of Salmonella typhimurium a multi-country outbreak was
reported in the US and UK. In 2014 Salmonellosis remained the second most communal zoonotic disease
in the European Union (EU) with the incidence of 9830 hospitalizations and 65 fatalities in humans
(ECDC 2015). However, a stability in infection was observed from 2015-2019 but a considerable decrease
was reported in the year 2020 (EFSA 2021). In China it was reported in 2015 that outbreaks of food-borne
diseases Salmonella were the second most common pathogen (Fu et al. 2019). He et al. 2023 reported
the Salmonella infections from 2012-2021 in Zhejiang province with 1614 hospitalizations among 11,269
cases, when the average positive rate was 3.65% for the entire province.

Infections instigated by S. typhimurium impose serious health concerns in low and middle-income
countries including Pakistan (WHO 2017). Where the residents of Punjab and Sindh provinces were most
vulnerable to infections among the all the disease prevailing Asian nations (Rasheed et al. 2019). A study
reported in 2018 that S. Typhi infections were also on a higher rate in Pakistan among all the south East
Asian countries (Watkins et al. 2020). As in Sindh province first large-scale outbreak, 493.5 cases were
reported among 100,000 population (Klemm et al. 2018; Fatima et al. 2021), while in Punjab reports were
similar (Saeed et al. 2020; Kim et al. 2021; Nizamuddin et al. 2021) as well as among international travellers
(Godbole et al. 2018; Chirico et al. 2020; Watkins et al. 2020). Outbreaks of a new subvariant of extensively
drug resistance (XDR) S. typhi emerged in Pakistan in the province Sindh (WHO 2019). From September
2020, 2883 were reported, the pervasiveness increased from 7 to 15 per 100,000 people per year. Now
this lineage is spreading beyond the province (Ahmad et al. 2021; Rashid et al. 2023).

5. ROUTES OF TRANSMISSION-SALMONELLOSIS

Primary reservoir of Salmonella in human and animals are gastro intestinal tract (GIT), nonetheless there
is wide range of sources of Salmonella infections i.e., egg, meat, dairy products, vegetables and water
(Brenner et al. 2000). Food is the most common source of infection in developed countries and food-borne
infections are difficult to identify, while it is the most imperative measure to prevent the infections also
(Shi et al. 2015). In Australia 70% increased cases were reported between 2000-2013, in which food was
a source relating both Salmonella typhi and Salmonella non-typhi (Pires et al. 2014). Water might signify
a source of contamination while the egg and meat remain the most important source (Ford et al. 2016).
The acquisition of the infection has been associated with exposure with the chicken and other birds can
carry microorganisms (Seif et al. 2019). After contact with pets’ infection has also been reported, while
person to person transmission is also possible (Gut et al. 2018). In China, a multidrug resistant species
(MDR) was identified from livestock in several provinces (Kuang 2015; Wang et al. 2020)

Some serotypes are host specific as S. typhi only infects humans while others to warm-blooded animals.
Around 50 serovars are tangled in the incidence of disease in humans and animals (Ford et al. 2016).
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6. EFFECT OF SALMONELLA ON HEALTH OF BROILER CHICKEN

Salmonella pass in the host through oral route, and colonizes inside the alimentary canal. Though, it is
normally spread by poultry meat and egg shell contamination via chicken intestinal innards (Pires et al.
2014). The numeral laying hens placed in cage free systems upsurges the risk of Salmonella contamination
in egg feces, because eggs are in close contact to chicken’s dropping (Whiley and Ross 2015).

Although, Salmonella enteritidis follow two main paths of egg contamination;

. Horizontal Transmission

. Vertical Transmission

Horizontal transmission or indirect infection; eggs can be infected by contaminated droppings during or
after laying eggs or dissemination over eggshell from the colonized chicken gut (De Reu et al. 2006).
Vertical transmission or direct infection; infestation to eggshells before egg laying, eggshell membranes,
albumin, egg yolk or instigating Salmonella enteritidis infection to reproductive organs (Wibisono et al.
2020).

Salmonella infection spreads in poultry either horizontal or vertical mode of transmission and its
prevalence is greater in 1-day old chicks. Grownup birds are less susceptible to Salmonellosis (Shivaprasad
et al. 2013). Severity of the disease depends upon the age of the bird. Younger the bird, the more severe
the impact. Besides this, severity of salmonellosis in broiler chicken differs according to various factors in
different avian species that includes environmental stress, presence of coinfections, hostage, host
immunity, infective dose and management factors etc. (Wibisono et al. 2020). Mainly, Salmonella
infecting avian species by two ways; Salmonella gallinarum and Salmonella pullorum. Therefore, Center
for Disease Control and Prevention (CDC) also reported the infection from low avian specific serovars for
example, S. Kentucky, S. lille, S.berta, S.anatum, S. infantis, S.berta, S. javiana, S.newport and S. eneteritidis
(CDC 2013a; CDC 2013b).

Gram negative bacteria, Salmonella enters the host, through oral route and colonize in the
Sgastrointestinal tract. There are numerous factors associated Salmonella colonization in poultry includes;

o Age of the chicken

o Survival of Salmonella across gastric barrier

° Diet

o Physiological and environmental stressors

o Animal health and disease status

o Genetic background of the bird

o Usage of antimicrobials and coccidiostats (Dunkley et al. 2008)

So, S. enteritidis is habituated to the intestinal villi and colonized in the GIT with the help of the protein,
known as adhesions (Beachey 1981). To avoid bacterial infection, the most common method is to avoid it
from binding to intestinal epithelial cell receptors (Wizemann et al. 1999). In poultry, macrophages and
heterophils, innate immunity cells play a significant role in intestinal infection (Fasina 2010). As the
pathogen enters into the host intestinal epithelial barrier, innate immunity cells move to the site via
oxidative stress and phagocytosis destroy such pathogens (Brisbin et al. 2008). Salmonellosis in chicken
increases significantly in inflammatory cytokines such as IL-1B, INF-g and LITAF (Matulova et al. 2013).
Though, Salmonella disables host defense by collecting IL-10, a suppressive cytokine.

However, adaptive immune response includes humoral and cell-mediated response for Salmonella
infection. Though, first adaptive immune response against S. enteritidis infection is through the mucosal
immune system, involving mucosal associated leukocytes and lymphocytes production and mucosal
immunoglobulin A (IgA) (Wigley 2014). These mucosal immunoglobulins A inhibits S. enteritidis from
attachment to intestinal epithelial cells, and prevents mucosal colonization (Wigley 2014). Shape of the
intestine is a decisive factor of intestinal health. Due to increased surface area and decreased tissue
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turnover rate, enhanced villus height and reduced crypt depth parallel with excessive nutrient absorption
within the small intestine (Munyaka et al. 2012). In contrast, Chicks infested by S. typhimurium showed
reduced jejunal villus height, crypt depth and height: crypt depth ratio subsequently results in severe
enteritis (Borsoi et al. 2011).

7. SALMONELLA RESISTANT IN BROILER CHICKEN

Flemming discovered the first antibiotic called Penicillin in 1928 (Fairley 2007) that greatly reduced the
mortality and morbidity during World War Il in 1940’s. Antibiotics are effective chemical substances to
treat patients with bacteria causing infectious diseases (Saylers and Whitt 2005). Antibiotics reproduce
their effects either bacteriostatic or bactericidal ways (Croft et al. 2007). Antibiotics are collectively
referred to as antimicrobial agents to compounds produced by numerous microorganisms, drugs,
synthetic chemicals, disinfectants etc. (Saylers and Whitt 2005). Although, antibiotics lose their efficacy
as resistance provokes. Antimicrobial resistance may be intrinsically acquired by exchange of DNA
fragment (Croft et al. 2007). Such mutations occur over spontaneous mutation, can be frameshift
mutation, point mutation, insertion of large element and deletion of genetic material, naturally taking
place with average rate of 1x10°® base pairs exchange of genetic material from other bacteria. This way
bacteria acquire adaptation to confront against the deadly effects of antimicrobial agents.
Mechanisms of bacterial resistance vary among different species of bacteria. Bacteria have the
remarkable ability to survive. As far as, Salmonella is concerned, 3 different methods are elucidated to
show antimicrobial resistance;

o By producing specific proteins, in the form of enzymes, which digest and alters the antimicrobial into
no longer effective e.g., Saimonella B-lactamases inactivates B-lactam class (Croft et al. 2007; Cosby et al. 2015).
o By inducing an efflux pump that effectively pumps antimicrobial out of bacterial cell, such as,

antimicrobial conc. inside the cell not approach to threshold to interfere with cell metabolic processes
e.g., Chloramphenicol and tetracyclines resistance in Salmonella spp. (Foley and Lynne 2008)

o By mutating the target or produce chemical change to target site on which antimicrobial insert
effects, known as receptor modification e.g., vancomycin resistant enterococci cause mutation on
receptor site induce low affinity to vancomycin (Croft et al. 2007; Cosby et al. 2015)

However, other factors for the development of resistance include inability to detect new phenotypes,
multiplication of different clones and selective pressure. Selective pressure commensurate by overuse of
antibiotics for treatment of human diseases and in-home disinfectants (Rybak 2004)

Two basic methods for transmission of antimicrobial resistance implemented in Salmonella.

o Antimicrobial drug resistant Salmonella isolates clonal spread

o Horizontal transfer of antibiotic resistance genes (Molbak et al. 1999; Butaye et al. 2006)
Horizontal transfer of resistance genes could be easily transferred from one strain of Salmonella to
another or among another bacterium spp. (Guerra et al. 2002). In case of Salmonella, Class | integrons and
plasmids principally involved in horizontal transfer (Guerra et al. 2002; Dieye et al. 2009). Integrons,
genetic determinants of machineries of site-specific recombination systems that establish mobile gene
cassettes. Though, Class | and Class Il integrons have been found in Salmonella; Class | represents
resistance integrons, are mainly in the Salmonella genomic islands, Class Il integrons presents super-
integrons, related to TN7 transposon family, not yet fully explained (Carattoli 2003; Fluit 2005).

8. SALMONELLA ANTIMICROBIAL RESISTANCE AGAINST ANTIMICROBIAL CLASSES

Antimicrobial resistance develops when microorganisms develop such mechanisms to protect themselves
from the antimicrobial drugs, used to cure the infection, induced by such pathogens (Cosby et al. 2015).
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8.1. TETRACYCLINE

About 31 antimicrobials along with tetracycline approved by the United States of America in 1951, for use
in broiler feed, deprived of any veterinary prescription for the animal growth and production and
treatment of coccidiosis (Jones and Ricke 2003). Though, in the late 1960s, each European state passed
its own National regulations for the antibiotics use in animal feed (Castanon 2007). Broilers that survived
at 35 days of age, developed antibiotics resistance (Diarra et al. 2007). As an antimicrobial, tetracycline
inhibits protein synthesis by preventing attachment of tRNA to A site of 30S ribosomal subunit. Salmonella
isolates ascribed to the energy dependent efflux pump that potentially eliminates tetracycline from
bacterial cells. Another mechanism of antimicrobial resistance reported in other bacterial spp., not in
Salmonella (Chopra and Robberts 2001). Almost 32 genes are reported that are involved in tetracycline
and oxytetracycline resistance such as tet(A), tet(B), tet(C), tet(D) etc. in Salmonella isolates. Among those
genes, tet(A) placed within Salmonella genomic island (Carattoli et al. 2002), on integrons (Briggs and
Fratamico 1999) and on transferable plasmids (Gebreyesm and Thakur 2005), tet(B) is also located on
transferable plasmids (Guerra et al. 2002). These genes are simply relocated and spread between
Salmonella isolates and generally considered important markers for identification of Salmonella infection
(Carattoli et al. 2002). In the poultry sector, consumer opinions and demands are greatly concerned with
animal welfare, food and environmental safety (Dibner and Richards 2005). So, consumer and
policymakers acquire decreased use of antimicrobial growth promoters in animal feed for human health
safety (Dibner and Richards 2005; Rahmani and Speer 2005).

8.2. SULFONAMIDES AND TRIMETHOPRIM

Both of these drugs are competitively inhibiting the enzymes, responsible for synthesis of tetrahydro folic
acid (Alcaine et al. 2007). Sulphonamides are basically structural analogue of p-amino benzoic acid,
involved in the synthesis of dihydrofolic acid that effectively prevent dihydrofolate synthetase in bacteria
that confers the synthesis of folates (Duijkeren et al. 1994). Though sulfonamides are not effective in
mammalian cells, mammalian cells directly uptake folate from food, not able to synthesize folates (Bushby
1980). While, trimethoprim inhibits dihydrofolate reductase (Mascaretti 2003). Since late 1960s, both of
these drugs are bacteriostatic (Alcaine et al 2007), used in combination for bacterial infections.
Sulphonamides and trimethoprim are broad spectrum antibiotics, used in the treatment of respiratory
tract, alimentary tract, and urogenital tract, joint, skin and wound infections caused by Gram-positive and
Gram-negative bacteria (Duijkeren et al 1994). Sulphonamides resistance among Salmonella isolates is
due to sul gene, which is responsible for inactive dihydrofolate synthetase, instead, trimethoprim
resistance ascribed to expression of dihydrofolate reductase that does not fix trimethoprim (Mascaretti
2003; Antunes et al. 2005).

8.3. BETA-LACTAMS

Carbapenemes, penicillin and cephalosporins are three major sets of betalactam. Mechanisms of action of
these antibiotics are facilitated by their ability to interact with penicillin binding proteins, mainly take part
in the synthesis of peptidoglycan, present in bacterial cell walls. Generally, this group of medicine exhibits
bactericidal activity but differs among organisms, penicillin binding proteins and beta lactams (Alcaine et
al. 2007). Beta lactams move across the bacterial cell wall to approach penicillin binding proteins that are
facilitated by OmpF and Omp C porins (Alcaine et al. 2007). Loss and change in porin concentrations are
not considered as a way of resistance, but, decline in any one of these porin concentrations resulted in
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increased beta lactam resistance against cephalosporin, cefoxitin and ampicillin etc. (Alcaine et al. 2007).
Beta lactams are the broad-spectrum antibiotics against Gram positive and Gram-negative bacteria. As far
as Salmonella is concerned, bactericidal activity is observed due to inhibition of penicillin binding proteins
(Angulo et al. 2000). Resistance exhibited by excretion of beta lactamases into periplasmic fluid for Gram-
negative bacteria, and into the environment for the Gram-positive bacteria. Beta lactamases hydrolysed
the beta lactam ring into beta amino acid, reported with no antimicrobial activity. Plasmid carries the
genes for beta-lactamase production (Mascaretti 2003). Resistant Staphylococcus aureus has serious
health issues due to Staphylococcus resistance to methicillin (Pray 2008). Later on, in the emergence of
these beta lactam resistance, six-member ringed cephalosporin and five-member ringed, without sulfur
carbapenems, developed. Though, these antibiotics are prescribed in treatment of acute otitis media in
United States (Arrieta 2003; Cosby et al. 2015).

8.4. PHENICOLS

Chloramphenicol are the broad-spectrum antibiotics against Gram-positive and Gram-negative bacteria.
Additionally, it can move across the blood brain barrier, so effective in systematic infections (Alcaine et
al. 2007). But, due to widespread resistance and toxicity limited in use prescribed other than developing
countries. In Salmonella isolates it showed resistance by two mechanisms; removal of drug through efflux
pump and enzyme inactivation of O-acetyltransferase (Cannon et al. 1990). Both of these processes are
reported to be effective in chloramphenicol resistance in Salmonella serotypes, especially in Salmonella
typhimurium and Salmonella agona (Schwarz and Chaslus-Dancla 2001). Later on, florfenicol was
developed and approved by FDA in 1996 for treatment of bovine respiratory pathogens but not for use in
humans (White et al. 2000). Usage of florfenicol in animal farming was envisioned to reduce resistance to
chloramphenicol in humans. However, chloramphenicol was excluded in Europe (1994) for animal
treatment and florfenicol was permitted for veterinary use in 1995 in France (Arcangioli et al. 1999).

8.5. QUINOLONES AND FLUOROQUINOLONES

Nalidixic acid, is a synesthetic bactericidal drug, was first approved quinolone (Mascaretti 2003). These
antibiotics target DNA gyrase and DNA topoisomerase IV (Wolfson and Hooper 1989), the actual
mechanism is still complicated and not completely stated (Mascaretti 2003). Though, limited salmonella
isolates are resistant to nalidixic and low-grade resistance to other quinolones (Molbak et al. 1999; Breuil
et al. 2000). High grade resistance to quinolones is rare (Olsen et al. 2001; Casin et al. 2003). However,
Salmonella show resistance in two ways; Target mutation to quinolone resistance determining region of
gyr A, gyr Band in the par C subunit of topoisomerase IV (Cloeckaert and Chaslus Dancla 2001; Baucheron
et al. 2004). Another mechanism related to alteration in the expression of AcrAB-TolC efflux system
through mutations in the genes encoding system regulators that results in over-expression of the efflux
system and reduce quinolone sensitivity (Baucheron et al. 2004; Oliver at al 2005). In short, not a single
mutation exhibits quinolone resistance, it is the result of multiple mutations (Heisig 1993). Early
fluoroquinolone was first licensed for human therapy, no resistance reported. Later, as far as licensing of
fluroquinolone to animal use was authorized, rate of fluroquinolones resistant Salmonella in humans and
animals and then in food infection vigorously increased in different countries (WHO 2011). Danofloxacin,
orbifloxacin, enrofloxacin, sarafloxacin, difloxacin, and marbofloxacin were six approved fluroquinolones
for animal use in United States (Martinez et al. 2006). Afterwards, enofloxacin and sarafloxacin,
authorized for treatment of respiratory diseases in poultry, have been excluded from approved list,
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because of amplified antibiotic resistance to Campylobacter and Salmonella spp. improved in human
iliness (Nelson et al. 2007).

9. CHICKEN- MEAT OR EGG ARE THE CARRIERS OF SALMONELLOSIS TO HUMANS

Salmonella contaminated animal-based products induce 3% worldwide food borne diseases with
approximately 80 million infections (El-Saadony et al. 2022). Salmonellosis is the disease condition
associated with pathogenic bacteria Salmonella, causing severe damage to the poultry sector all over the
world. Though, it is a zoonotic bacterium which can be transferred from animals to humans. The
transmission can occur by following different ways.

o An infected animal direct contact

o By consuming or handling contaminated animal products like raw meat or eggs from turkey and
chicken

o Interaction with contaminated equipment or with infected vectors such as pets or insects.

However, raw chicken products or frozen chicken meat and also eggs of backyard hens are the amplest
cause of animal facilitated Salmonella infections in humans.

Infective dose of salmonellosis for humans ranges from 10 to 10° cells or more, or it could be low as 10?
to 102 cells in a low immunity person, or, a human consumes contaminated high fat matrix food like
cheese, chocolates, peanut butter, pizza etc. However, Salmonella enterica is a documented serovar of
Salmonella, causing infection in humans based on raw poultry and poultry meat products, well known for
economic and public health implications. It’s a zoonotic pathogen that can readily pass from animals to
humans, while consuming contaminated meat, animal-based products or other food products
contaminated with animal fecal material. The infection spread either through direct or in direct contact
with colonized birds or by consuming contaminated water (Lammerding 2006; Chai and Mohan 2011).
The main niche of Salmonella species is the gastrointestinal tract of humans and farm animals, reptiles,
birds, fish, amphibians and shellfish (Heinitz et al. 2000; Bailey et al. 2010; Machado et al. 2020). No doubt,
fecal contamination is the major source of water and food contamination plays a key role in the spread of
salmonellae in the environment and ultimately, the food supply chain. In such a way, meat animals
became infected and became a carrier or reservoir of salmonellae.

10. EFFECT OF SALMONELLOSIS ON HUMAN HEALTH

Salmonellosis is one of the most common foodborne infections. The genus Salmonella comprises 2600
serovars, among them, more than 100 because of a cause of infection in humans (CDC 2020). In humans,
salmonellosis was exhibited by typhoid fever. Common signs and symptoms of typhoid fever includes high
fever, cough, malaise and headache (Fig. 1).

Among humans, the most common serovar is Salmonella enteritis, causing typhoid fever or enteric fever.
Salmonella is motile Enterobacteriaceae that produce variety of GIT infections ranging from simple fever
diffuse abdominal pain, and constipation however, untreated typhoid leads to intestinal hemorrhage,
delirium, bowel perforation, obtundation and death within 1 month of progression of disease (Christie
1987; Butt et al. 2022). Patients may also suffer with short-term or long-term neuropsychiatric issues.
Typhoid is derived from ancient Greek word means, cloud, indicating the prolonged severity of the disease
related to long-lasting neuropsychiatric effects among the untreated. About 21 million people in the year
suffer from typhoid fever in the World. With time, it has developed resistance to antibiotics. In the year
2016, Multi Drug Resistance (MDR) was reported in Pakistan. Though, only three classes of antibiotics,
carbapenems, tigecycline and azithromycin are effective against Salmonella serovars (Butt et al. 2022).
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Salmonella enters the GIT through phagocytic cells, which then present to macrophages of lamina propria.
Macrophages recognize pathogen associated molecular patterns (PAMPS) such as lipopolysaccharides
and flagella through their toll like receptor TLR-4, TLR-5/CD-14/ MD2 complexes. In this way, intestinal
cells and macrophages mobilize neutrophils and T-cells with interlekin-8. At this stage, inflammation is
quiet enough to suppress the infection (Parry et al. 2002; Raffatellu et al. 2006). By distal ileum, S. typhi
and paratyphi enter the host system with the help of specialized fimbriae that support to adhere to the
epithelium over clusters of lymphoid tissue in the ileum, commonly known as Peyer Patches, main
entrance for macrophages to enter into lymphoid system from Gut. Once bacterium enters, induce host
macrophages to attract more macrophages (Raffatellu et al. 2006). Additionally, these serotypes are able
to produce Quorum sensing, intracellular communication through organism coordinate swarming and
produce biofilm (Rana et al. 2021).

Later, typhoid introducing Salmonella adopt macrophages cellular machinery for their reproduction
(Ramsden et al. 2007), by mesenteric lymph nodes to thoracic duct, lymphatics that leads to
reticuloendothelial tissues of the spleen, liver, lymph nodes and bone marrow. As they approach, and
establish a favorable environment, they start to flourish by continuing multiplications. This way, they allow
Salmonella to enter into the bloodstream (Parry et al. 2002).

Though, bacterium infect gallbladder either via bacteremia or direct extension of infected bile, reverse
back to GIT in the bile and again infect Peyer Patches. However, bacteria were not able to infect the host
shed in the stool and became a carrier to infect others (Christie 1987; Parry et al. 2002). So, bacterium
shed by a single carrier may have numerous genotypes, quite hard to follow an outbreak of its origin
(Chiou et al. 2013).

Typhoid causing Salmonella, generally have non-human vectors, even though an inoculum as small as
100,000 germs of typhi able to infect 50% of healthy person (Levine et al. 2001). Besides this, Paratyphi
requires much higher volume to infect, less pervasive in rural areas, easily transmitted through street
foods and provides a micro-friendly environment to bacterium. In short, their route of transmission is
slightly different from one another, for typhoidal Salmonella generally modes of transmission are;

o Oral transmission through contaminated water
o Oral transmission via food/ beverages handles by infected person
o Hand-to-mouth transmission after using unhygienic commode and wash basin (Earampamoorthy

et al. 1975; Ali et al. 2006; Ram et al. 2007)

Typhoidal Salmonella have the ability to survive in the low pH (Fig. 2), as much as 1.5. Medicines and
procedures like antacids, H2 blockers gastrectomy, proton-pump inhibitors and achlorhydria reduce
stomach acidity, which helps to induce S. typhij infection (Parry et al. 2002).

11. METHODS TO PREVENT SALMONELLA OUTBREAK

Poultry signifies a natural habitat for Salmonella and Campylobacter. Though, twice of them are
commonly found in GI tract of and considered as commensal bacterium. Best exercise to control
Salmonella is in live poultry production. So, the best strategic plan for Salmonella control is anticipation
in birds based on three main facts:

o By following effective hygiene measures for the prevention of incidence of Salmonella into the
farm/flock

o By controlling the spread of pathogens with in the farm/flock

o By accompanying prophylactic procedures to recover immune resistance of animals against

pathogenic bacterium
To follow these key steps, need to manage or organize short footnotes;
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11.1. PROVIDE HEALTHY ENVIRONMENT

Dead animals and Broken eggs (potential source of infection) should be immediately cleared. Troughs
must be clean from dropping. Poultry house should be fumigated before restocking. Clean water and feed
are very much essential; feed should be stored, kept dry and protected from rodents and pets, while
drinking water flow rate should be sufficient to offer the birds with adequate amounts of water, but not
too much that the floor becomes wet.

Gastroenteritis

Nausea

Headache and
Fever

Salmonella %

s

Abdominal Pain and Vomiting
Diarrhea

Fig. 1: Clinical manifestation of Human Salmonellosis.

Fig. 2: Typhoidal Salmonella survival in reduce stomach activity.
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11.2. LITTER SHOULD BE DRY

Used litter should be removed regularly after specific time material. Well absorptive material such as
straw granulates and wood shaving for litter recommended. Adequate water supply granted; excess water
supply wet the litter. Birds must be monitored for diarrhea to avoid wet droppings.

11.3. MINIMIZE THE CONTACT

Only a few people were allowed to visit the flock in order to reduce the spread of Salmonella. Instruments
and wear clothes should be entirely used for the poultry house (Heinzl, 2022) Other than this strategic
plan, there are various approaches used to avoid the incidence of Salmonellosis in poultry such as;

11.3.1. CHITOSAN

Chitosan is a polysaccharide, with diverse medical application present in the hard outer skeleton of
lobsters, shrimp and shellfish (Attia et al. 2022). Chitosan molecules cause metal ion chelation and vital
nutrients of bacteria decrease bacterial growth (Rabea et al. 2003). In vitro studies reported that chitosan
exhibit antibacterial activity against S. aureus and S. paratyphi (Islam et al. 2011). Chitosan is the hard
sugar-induced host immune modulating response against pathogens (Lee et al. 2009).

11.3.2. NANOPARTICLES

Nanomaterials seek more attention in this era due to their exceptional physical and chemical
characteristics (Yousry et al. 2020; Reda et al. 2021; Salem et al. 2021). Zinc oxide nanoparticles (3mg/g)
along with poultry ration found effective against S. typhimurium and S. aureus (De Silva et al. 2021).
Similarly, incorporation of gold nanoparticles exhibited antibacterial activity against S. typhimurium (Reda
et al. 2021). Silver nanoparticles along with rosemary extract revealed antibacterial effects against E. coli,
S. enteritidis and S. typhimurium (Mohamed et al. 2017).

11.3.3. PHYTOCHEMICALS

Plants produce phytochemicals as secondary metabolites to protect themselves from bacteria, yeast,
and mold infection. Extraction and purification of such phytogenic substances, found effective against
Salmonella in poultry. Each phytochemical has its own mode of action, due to diverse phytochemical
nature and mechanism of such phytogenic substance, considered as no resistance develop, but lately
S. aureus, E. coli, E. faecalism, and S. typhimurium showed resistance to sum components of herbal
drugs (Khan et al. 2009). Phytochemicals are hydrophobic in nature, Sa/lmonella- Gram negative bacteria
are less susceptible to such phytochemicals, because only hydrophilic solutes can pass through the
bacterial cell wall. Though, invasion inside the cell could be enhanced by mixing phytochemicals with
an emulsifier, but efficacy depends upon the chemical composition of these phytochemicals (Heinzl
2022).

11.3.4. ESSENTIAL OILS

Essential oils are the volatile, aromatic, and oily compounds extracted from different parts of the
plant (Abd El-Hack et al. 2022). Such beneficial oils are potent digestive stimulants, hypolipemic
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agents, immunostimulants, antifungal, antibacterial growth promoter subtances that generate
positive effects on egg production and broiler performance (Nahed et al. 2022). Cymbopogon citratus
(lemon grass) oil extract showed antibacterial activity against S. enterica and S. typhimurium
(Alagawany et al. 2021). Similarly, eugenol, carvacrol, trans-cinnamaldehyde and thymol have
effective antibacterial effects against Salmonella and Campylobacter in layer and broiler chicken
(Johny et al. 2010).

11.3.5. PREBIOTICS AND PROBIOTICS

Prebiotics are not easily digestible substances consumed by valuable microbiota in the intestine (Yagoob
et al. 2021). Fructooligosaccharide incorporation in poultry ration as prebiotic improves growth
performance, enlarges small intestinal villi length and enhances bacterial colonization in broilers (Xu et al.
2003). Addition of fructooligosaccharide increases the production of short chain fatty acids that alters gut
microbiota towards beneficial bacteria that is causative to growth of pathogenic Salmonella and improves
innate and immunological responses in broiler chicken (Shang et al. 2015).

Probiotics are the living microorganisms that help in development and growth of the host when
administered in suitable concentrations (Mack 2005). Such beneficial bacteria generate bactericidal and
bacteriostatic chemicals in the intestine which are toxic to pathogens, such as, in vitro studies revealed
that Lactobacillus spp. ferment saccharides and produce lactic acid that lowers intestinal pH and inhibits
pathogenic bacterial growth like S. typhimurium and E. coli (Abd El-Hack et al. 2021). This phenomenon
is approved in in vivo studies, as subset of fatty acids (SCFs) like acetate propionate and butyrate
amplified, occurrence of E. coli and Salmonella enterica reduced in broiler cecum (Van Der Wielen et al.
2000).

In the start of 20™ century, the life style is quiet change, life is too busy and hectic schedule tend people
to eat outdoor cooked food from restaurants and hotels. Most potently, in developing countries, the
food hygiene is compromised, in such a way, these restaurants and hotels are common places for the
onset of an outbreak (Spackova et al. 2019). By adopting hygiene conditions, proper cleaning of dishes
and washing hands of the employees, storage of food in an appropriate manner and cooking food at
adequate temperature can reduce the risk of Salmonellosis (Ibram et al. 2007; Appling et al. 2018). So,
poultry and meat farmers need to maintain food security. Though, prevalence of Salmonella and
virulence of strain is equally important. Eggs are also another source of Salmonella infection. Although,
different methods are implemented these days for decontamination of eggs like freeze drying,
pasteurization, hot air and microwave heating (Oscar 2020; Keerthirathne et al. 2017). But with these
techniques the properties of eggs may be affected. For immune compromised individuals or for
vulnerable patients microbiologically decontaminated eggs are recommended. Drinking water is also
an important source for the spread of infection. Proper storage and supply of clean filtered water to
the public is the necessary step, should be taken by the Government and authorities to avoid the risk
of Salmonellosis. Besides this, demanding hygiene practices required to be implanted in the food
preparation and processing industry, around the environmental controls in ready to cook and
convenient food production.

12. CONCLUSION
In conclusion, zoonosis Salmonella engenders high cost in the poultry sector. With increasing population

and inflation rate, protein demands are mainly focused on the poultry industry. As Salmonellosis is
transferred from animal to human via the food chain, it needs to be controlled by all means. Antibiotics
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are the drugs to combat such pathogens but emerging MDR strains of Salmonella are still a potential risk
to public health locally and beyond. In this way, implementation of more rigorous preventive and control
measures is necessary, because surveillance has major concern and impact. Along these antibiotics,
poultry producers need to seek, active but not, resistance generating natural solutions or feed additives
against Salmonella for further development.
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