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Abstract

Antimicrobial resistance (AMR) is the ability of microorganisms to resist against various antimicrobial drugs. AMR in the livestock is currently
a major especially bacterial resistance in Escherichia coli and Salmonella species, mainly caused by irrational use of antibiotics, prevention
and as growth promotors. The genetic flexibility of these bacteria enhances the transmission of genes responsible for the resistance across
species, surrounding ecosystem, which is exaggerated by the improper surveillance and livestock manure spread in the environment. Despite
various efforts including “One Health” concept, sustainability and production balance, consumption of antibiotics remains area of concern.
Strict control measures, tough surveillance, use of antibiotics alternatives such as probiotics & prebiotics and vaccination programs.
Worldwide coordinated initiatives are vital for mitigating resistance effects, ensuring the sustainable livestock production, safeguarding the
well-being of both humans and animals, keeping the ecosystem safe.
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Introduction

Antimicrobial resistance (AMR) has been identified thousands of centuries ago and is the natural evolution in microbial competitiveness
in the surroundings (S’ Costa et al 2011; Davies and Davies 2010; Marinez, 2009). Antimicrobial resistance (AMR) has existed for millions of
years and is an inevitable evolutionary consequence of microbial competition in the environment (Davies & Davies, 2010; Martinez, 20009;
Schwarz et al., 2005) While the increasing prevalence of AMR in clinically important and commensal bacteria in both humans and livestock
can be attributed largely to selection using antimicrobials (Ibrahim et al., 2016; Karesh et al., 2012). AMR has also been reported in the
commensal bacteria of wildlife (Arnold et al., 2016). Commensal bacteria have the potential to act as reservoirs of resistance genes, contributing
to the development of AMR in pathogens by horizontal transmission (Arnold et al., 2016; Taylor et al., 2011; von Wintersdorff et al., 2016). AMR
is a problem in human and veterinary medicine worldwide, inhibiting the treatment of bacterial infections and estimated to be responsible for
25,000 preventable human deaths in Europe annually (Marston et al., 2016) and an estimated global economic cost of 100 trillion USD by 2050
if not addressed (O'Neill, 2016). Antimicrobial resistance (AMR) is defined by several parameters, including genetic, biochemical,
microbiological, and clinical. A bacterial strain is resistant if it keeps growing at higher drug dosages, identification is done by comparing two
or more strains (Davies & Davies, 2010; Schwarz et al., 2005) .While multiple drug resistance (MDR) is the specific subset of the AMR where
different microorganisms present resistance to more than three antibacterial or antimicrobial agents, thus reducing the options of treatment
(Magiorakos et al., 2012).The bacterial resistance is more threating to public health (Davies & Davies, 2010) and it can be monitored through
global collaboration (Laxminarayan et al., 2013).

The transfer of poultry diseases to people via food or the environment poses a significant public health risk (Apata, 2009; Davies & Davies,
2010). Infections with multidrug-resistant bacteria, such as ESBL-producing bacteria, are difficult to treat and result in severe mortality and
morbidity in humans (Davies & Davies, 2010). Trivially, the responsible microorganisms are frequently referred to as “superbugs”. Escherichia
coli, Salmonella enterica, and Klebsiella pneumoniae are three prevalent bacteria found in poultry's gastrointestinal tracts (Apata, 2009; Davies
& Davies, 2010; Rehman et al., 2007).

Antimicrobial resistance (AMR) poses a significant threat to livestock health and food security. One Health approach that considers the
effects of antimicrobial resistance on animal health, human health, and environmental viability. The problem of rising antimicrobial resistance
is even more alarming when considering the very small number of novel antimicrobial drugs that are in development (Boucher et al., 20009;
ECDC, 2009).
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The focus should be on legislative frameworks, alternative antimicrobial strategies, and the necessity of surveillance systems using
effective procedures and regional cooperation. It is an invaluable resource for policymakers, academics, and stakeholders seeking to limit the
impact of AMR and promote sustainable livestock management while protecting public health. The efforts to address antimicrobial resistance
(AMR) in livestock in Pakistan (Figure 1 and 2) and other members states vary in different aspects (Ali, et al., 2024). This chapter addresses
the emergence of high-risk microbial lineages with increased virulence, resistance, and capacity to spread across varied settings. It will look
into the manmade variables that influence their evolution and spread, such as antibiotic abuse. Furthermore, the chapter will look at the
mechanism of resistance, transmission, emphasising how it can be transmitted to humans and causes a threat to public health
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2. Antimicrobial Resistance (AMR): Mechanisms and Drivers
2.1 Mechanisms of Antibiotic Resistance
Intrinsic vs Acquired Resistance

Since the first antibiotic, penicillin was discovered antibiotic, many antibiotic-resistant bugs have gradually developed (Mohr, 2016)
Starting an armed race between germs and creatures. Many synthetic and natural antibiotics have been introduced in therapeutics, but bacteria
will always find ways to counteract their effectiveness (Badr et al., 2022).

There are two main types of resistance: acquired and natural. Normal resistance is classified into two types: mediated (genes which are
naturally existing in bacteria but are activated only to resistance levels after antibiotic treatment) and innate (genes which are naturally
expressed in organisms) (Reygaert, 2018). Bacterial accession of genetic information by translation, conjugation, or translocation (Lerminiaux
& Cameron, 2019) or modifications in its DNA sequence (Culyba et al., 2015) can result in acquired resistance. Extrinsic antimicrobial resistance,
or AMR, processes are distributed into four categories: (1) drug efflux, (2) change in drug target of Drug, (3) inactivation of drug, and (4) drug
uptake limitation (Munita & Arias, 2016) as demonstrated by the Figure 3.
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A-Intrinsic Causes
AMR can happen in many ways and is mostly brought on by changes in the bacteria (Ventola, 2015).

1) Mutations in the Genome

Changes in a genomic base pair that happen during bacterial replication and create new resistant strains lead to the substitution of one
or small number amino acids in a crucial target at enzyme, cell wall, or cell structure level and modification in the regulatory genes or
chromosomal structure might result from point mutations. Antibiotics, that were designed to be capable to combat the organism for years,
may become useless due to the recently established protection (von Wintersdorff et al., 2016).

2) Horizontal Gene Transfer (HGT)

An initially sensitive strain may develop resistance from several species or genera. Having plasmids and other mobile genetic components,
most antibacterial resistance genes can ensure the movement to bacteria belonging to different species and genera. Bacteria that are resistant
to drugs can transfer a copy of their genes to bacteria that are not. As a result of collecting extra DNA, the non-resistant bacteria become
resistant to drugs (von Wintersdorff et al., 2016).

B-Extrinsic Mechanisms
1) Restricting Drug Intake

Gram-negative bacteria have a lipopolysaccharide (LPS) layer present on outer membrane, which acts as a permeability shield, making
them inherently not susceptible to some antibiotics than Gram-positive bacteria. This natural barrier's effectiveness is best demonstrated by
the fact that glycopeptide antibiotics, such as vancomycin, are not effective against Gram-negative bacteria because of their lack of ability to
pass via their outer membrane. Because of the changes in the outer membrane's permeability, hydrophilic compounds such as certain
fluoroquinolones, tetracyclines, 3-lactams are greatly impacted (Blair et al., 2015).

Because of the downregulation of porin channels or perhaps their replacement with non-selective channels, which provide an innate
tolerance to aminoglycosides, polar molecules have trouble penetrating the cell membrane of enterococci. (Iredell et al., 2016). The production
of biofilms is another mechanism that aids in bacterial colonization. (Pang et al., 2019) The biofilm matrix, which is composed of proteins, DNA,
and polysaccharides, make resistance by restricting antibacterial substances from entering the bacterium. (Hall & Mah, 2017).

2) Efflux Pumps

Efflux pumps of bacteria actively transport several antibiotics out of the cell, which is a major factor in the inherent resistance of Gram-
negative bacteria. Most bacteria have different types of efflux pumps. The efflux pump is classified into five main families based on its structure
and energy source: the (ABC) ATP-binding cassette family, (SMR) small multidrug resistance, family, (MATE) multidrug and toxic compound
extrusion family, (RND) resistance-nodulation-cell division family and (MFS) large facilitator superfamily (Reygaert, 2018). Remaining efflux
pump families are single pumps that distribute contents via cytoplasmic membrane, except for the RND family, which are multi-part pumps
that efflux substrates over the cell envelope (Munita & Arias, 2016).

3) Inactivation of Drug

Bacteria can inactivate antimicrobials in two ways: either by making chemical changes in the structure of an antibiotic or by destroying
its structure completely (Blair et al., 2015).Enzymes that bacteria produce can bind different chemical groups of drugs and change their chemical
structure which is critical to act on specific targets. As a result, the antibiotic is unable to attach to the bacteria. The most successful method
for the inactivation of drug by chemical group transfer is the transfer of acetyl, phosphoryl and adenyl groups to the molecule (Lin et al., 2015).
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4) Enzymatic Degradation

[-lactam antibiotics, such as cephalosporins and penicillin, are the most widely used. All members of this pharmacological class have a
four-sided f-lactam loop as their basic structure. B-lactam resistance is primarily caused by (3-lactamases breaking down the {3-lactam loop. 3-
lactamases hydrolyse B-lactam ring formation, preventing it from binding to penicillin-binding proteins (PBP)(Bush & Bradford, 2016).

5) Target Modification

One common process by which bacteria develop antibiotic resistance is the alteration of the drug's target (Reygaert, 2018). Alterations in
the quantity and/or arrangement of PBPs is one of the mechanisms of 3-lactam antibiotics. The number of PBPs influences the amount of
medication that can bind to the target (Bush & Bradford, 2016). A structural alteration, like the introduction of the mecA gene in S. aureus, will
reduce or abolish drug binding(Foster, 2017). The erythromycin ribosomal methylase (erm) gene family provides another example; it
methylates the 16S rRNA and changes the drug-binding site, blocking the binding of lincosamides, streptogramins, and macrolides (Nainu et
al,, 2021).

2.2. Drivers of AMR in Animals: Overuse of Antimicrobials in Veterinary Practice

Global demand for meat and dairy products has been steadily rising since the 1950s, which has increased the use of antimicrobial
antibiotics in the agricultural sector. These compounds are utilized not only as treatments but also as growth boosters, prophylactics, and
metaphylactics. Antibiotic-resistant-bacteria and the AMR-genes carry have the potential to proliferate and be transferred to humans via the
food chain because of this overuse. In 2017, around 85,330 tons of veterinary antibiotics were used globally. By 2030, there will likely be an
11.5% increase in the usage of antibiotics in animals raised for food (Tiseo et al., 2020).

5. Use of Antimicrobials as Growth Promoters in Livestock

Using sub-therapeutic antibiotics in feed of various animal has been shown to greatly boost the output of livestock and poultry (Rathnayaka
et al., 2021). Sub-therapeutic antibiotics are good growth promoters because they reduce the incidence of subclinical diseases, lower morbidity
and mortality, enhanced daily growth rate, lower feeding costs (less than 10-15% of feed is needed to reach the desired level of growth),
maximize feed conversion to animal products, and improve quality of meat and reproduction (less fat and more protein) (Tiseo et al., 2020).
While some families of antibiotics, including tetracyclines, penicillin, and aminoglycosides, are frequently used to treat bacterial infections in
humans, others, like ionophores, are only employed within animal husbandry. These antibiotics are utilized as growth promoters in poultry
and animals.

6. Poor Regulatory Frameworks and Antibiotic Misuse

Using a new alternative as an antibiotic growth promoter must be evaluated for efficacy, acceptability, practicality, and security for the
environment, consumer, user, and animal. Ultimately, several factors decide whether a certain option is effectively commercialized. Important
criteria include, for instance, target species, regulatory permission, and overall costs and benefits (von Rosenvinge et al., 2013). The analysis
procedure is largely the same, however, regulatory approval differs from nation to nation. The options presented in this publication require
careful consideration because they are based on novel technologies with modes of action that regulators have not yet examined. Innovation is
accelerating and includes a broad range of products that don't always fit neatly into any of the categories of current product or meet the old
definition of a veterinary medical product (Motta et al., 2021). As a result, it's important to clarify the regulatory framework and criteria that
should be applied to these products.

6. Environmental Contamination

The ecosystem acts as a link between different animal compartments, soil, water, sand, and sewage. Mobile genetic components that
interact and propagate to other areas or human and animal hosts are mixed in the environment

The ecosystem connects distinct animal compartments, soil, water, sand, and sewage. According to (Puvaca et al., 2022), the environment
contains mobile genetic components that can spread to other locations or between humans and animals. Researchers and stakeholders are
increasingly worried that the environment acts as a reservoir for antimicrobial resistance genes (AMR) and contributes to their dissemination.
Some factors that contribute to the emergence of bacteria that are resistant to antibiotics and related gene mutations include the use of
antimicrobial drugs in the medical, agricultural, veterinary, and environmental fields as well as the spread of antibiotic residues from various
living environments. (Samreen et al., 2021).

7.1 Extended-Spectrum-Beta-Lactamase Resistance

ESBLs are those bacteria which can hydrolyze penicillin, cephalosporins (1%, 2" and 3™ generations) and aztreonam. They can disassociate
carbapenems and cephamycin (Castanheira et al., 2021). ESBLs producing bacteria are prevalent in various parts of the globe in various animals.
The most common source of Extended-spectrum BLs is Escherichia coli and Klebsiella pneumonia (Tseng et al., 2023). There are nine different
structural and evolutionary families of ESBLs classified based on amino acids sequence which includes TEM, GES, SHV, VEB, BES, CTX-M,
OXA, TLA and TLA as described by (Paterson & Bonomo, 2005) and TEM, CTX-M, SHV and OXA are the major groups which are identified as
ESBL resistant genes (Ur Rahman et al., 2018) (Tangdén et al., 2010). In poultry and human the most widely spread ESBL gene is CTX-M and
the variants of this ESBL gene vary in both species (Gundran et al., 2019); (Platell et al., 2011).

There are several family groups of ESBL encoding genes including blacrx-m blarem, blasnv etc. In ancient times, SHV and TEM-type extended-
spectrum beta-lactamases were the prominent ESBLs. Although, Nowadays CTX-M type enzymes are dominantly identified in the ESBL type
latest research (Castanheira et al., 2021). Blasnv, blacrx-wand blarem are the most prevalent ESBLs resistant genes in different countries (Tseng

95



et al., 2023). The dominant ESBL gene in Asia is CTX-M-14 While Europe is facing the problem of CTX-M-1 in the poultry industry (Ewers et
al., 2012). Several plasmids carrying genes are linked with health fithess value for the bacterium host. Antibiotics range for the treatment of
infections caused by the ESBL bacteria has limited due to the presence of carbapenemase-carrying gram negative families. Recent research
suggests that the in empirical therapy antibiotics B-lactam/ B-lactamase inhibitor combined usage is an alternative of the carbapenem
antibiotics. However, high prevalence of gram-negative E. coli strains which is resistant to -lactamases inhibitors /B-lactams has been great
hindrance in this treatment approach (Wilson & Torok, 2018).

A comprehensive table (Table.1) has been formulated for understanding the clonal genetics lineages (Multi-locus Sequence Typing- MLST)
in food producing animals where sequence and Multiple drug resistance (MDR) lineages of E. coli in different regions worldwide is analyzed.

Table 1: demonstrates the linage, Multi-Locus-Sequence-types (MLST), Multi-drug resistance phenotype, genotypes of E. coli samples
throughout the globe targeting various animal species.

Animal location Sample Sampling MLST MDR AMR Phenotypes Genotypes References
S S Data
Pigs Brazil Meat 2016- ST117, ST410 ND B-Lactams, Trimethoprm, blacrx-mss, blaCTX-m- (Soncini et
2019 tetracyclines, Phenols, 15, blacrx-m-2, blacty->  al., 2022)
lacosamide, Sulfonamides, StrA, strB, dfrA1y,
Fosfomycin, quinolones, aadA1, tet (A), dfrA1,
Macrolides, Aminoglycosides tet(A), tet(B), Suli,
Sul2
United Faecal 2017- ST10, ST44, ST8S8,7 B-lactams, tetracyclines, blarem-», sul, sul2, (Storey et
Kingdom 2018 ST58, ST48, STi17, Sulfonamides, Fluoroquinolones, dfrAs, tetB, tetAB, al., 2022)
ST744, ST2721 Aminoglycosides mphA, strBaph(6) -
1b AadAs, strA
Italy Faecal 2010- ST10, ST88, ST100, Streptomycin,  Trimethoprim, blarem-, StrA, strB, (Massella et
2018 ST410, ST641, ST206, tetracyclines, chloramphenicol, suli, tetB, dfrA1, al.,, 2021)
ST20, ST871, STs75, lacosamide, Sulfisoxazole, aadA1
ST3744, ST7093 Nilidixic Oxides, quinolones,
Colistin Enrofloxacin
Nigeria Faecal 2015- ST131, ST2348 42.1 Penicillin, Clindamycin, blacrx-m1, blactx-m2, (Adefioye et
2106 Tobramycin, Ceftazidime, blacrx-m-o, blacrxmas  al., 2021)
Cefazoline, Enrofloxacin,

Sulfamethoxazole/trimethoprom
, Cefuroxime, kanamycine,
Tazobactum/pipercillin,

Cefalexin, ampicillin, doxycyclin,
streptomycin,  spectinomycin,

neomycin,
clavulanate/amoxicillin,
sulabactam/ampicillin,
sulfamethoxazole, ticarcillin,
cefotaxime, ciprofloxacin,
trimethoprim, tetracycline
Switzerland Rectal ND ST10, ST34, ST744 Sulfonamides, tetracycline, blacrx-m1 (Fournier et
tobramycin, gentamycin, al., 2021)
kanamycin
South Africa Nasal 2016 ST10, ST44, ST88, 18.18 Cefuroxime, ampicillin, blacrx-m1s, blaremb, (Founou et
and and ST69, ST2144, cefotaxime, cefuroxime acetyl, blarem142, blarem2os, al., 2022)
Cameron  Rectal ST4455, ST226, ST944 sulfamethoxazole-trimethoprim, aph (37)-1b, aadA1, aaas, qnrs,
cefepime aph(6)-1d, aac(6’)-1b-cr, 0qxAB,
gyrA, suli, sul2,dfrAi4, dfrA17
Austria Gut ND ST10, ST131, ST354, 36.2 Tobramycin, Piperacillin, blacrx-m-, blarem, (Bernreiter-
associat ST100, ST6405, 7 ceftazidime, Chloramphenicol, blacrx, blacry->, mcr- Hofer et al,,
ed STST107, ST636, Gentamycin, Colistin, 1.1, parC, gyrA 2021)
ST1112, ST760, ST744, Fosfomycin, Aztreonam,
ST641, ST101, ST23, Sulfamethoxazole/trimethoprim,
ST56, ST42, ST120009, streptomycin, ampicillin,
ST12008, ST12010 cefotaxime,
Brazil Meat 2016- ST38, ST117, ND [-lactam, Aminoglycosides, StrA, strB, dfrA, Suli, (Soncini et
2019 ST131ST1196, ST354 Sulfonamides, trimethoprim Sul2, aadA1, Teta(A), al., 2022)
tetracycline, quinolones, dfrA17, Teta(B),
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Lincosamides, Fosfomycin,
Macrolides, Phenicols

Hungary Cecum 2016- ST162, ST10, ST93, ND B-lactam, Aminoglycosides, blargm-1, aaaA1, (Szmolka et
faecal 2018 ST117, ST155, ST8702, sulphonamides,  trimethoprim Aph(6’)-1d, aph(3”)- al., 2021)
and ST1008 tetracycline, fluoroquinolones  1b, tet(A), Sul2
Bone
Marrow

Poultry Italy Food 2010- ST23, ST131, ST101, 64 Gentamicin, Streptomycin, blaremib, aadai, dras, (Massella et
2018 ST359, ST117, ST48, Trimethoprim/Sulfamethoxazole strA, strB, suli, tetA, al., 2021)
ST744, STs57, ST162, , Sulfisoxazole, Chloramphenicol, tetB
ST2614, ST10, ST155, Enrofloxacin, Nalidixic acid,
ST297, ST1286, ST93, tetracycline
ST69

Korea Chicken 2019 ST93, ST131, ST362, ND Ciprofloxacin, Tetracycline, Bla, str, aad, aac, (Kim et al.,
Meat ST457, ST117, ST48, Nalidixic  acid, = Gentamicin, mph, aph, Qnr, sul, 2021)
and ST57, ST162, ST2614, Cotrimoxazole, Chloramphenicol tet, cat, fos, dfr,

Environ ST297, ST93, ST69, aac(6)lb-cr, AAR-3,
ment ST115, ST770, ST919, Inu, CTX-M-1, CTX-
ST1011, ST143, M-15, CTX-M-14,
ST1485, ST163, ST165, CTX-M-65, CTX-M-
ST2179, ST2334, 61, CTX-M-27
ST278, ST2792,
ST328, ST3941,
ST455, ST6779
Nigeria Feacal 2015- ST131, ST167, ST156, 38.9 Penicillin, Clindamycin, blacrx-m1s (Adefioye et
2016 ST410, ST1056 Tobramycin, Ceftazidime, blactx-m, blacrx-», al., 2021)
Cefazoline, Enrofloxacin, blacrx-m-o
Sulfamethoxazole/trimethoprom
, Cefuroxime, kanamycine,
Tazobactum/pipercillin,
Cefalexin, ampicillin, doxycyclin,
streptomycin, spectinomycin,
neomycin,
clavulanate/amoxicillin,
sulabactam/ampicillin,
sulfamethoxazole, ticardillin,
cefotaxime, ciprofloxacin,
trimethoprim, tetracycline
Cattle Nigeria Faecal 2015- ST131, ST405 33.3 Penicillin, Clindamycin, blacrx-m1s (Adefioye et
2016 Tobramycin, Ceftazidime, blacrx-m1,  blacrx-, al., 2021)
Cefazoline, Enrofloxacin, blacrx-m-g
Sulfamethoxazole/trimethoprom
, Cefuroxime, kanamycine,
Tazobactum/pipercillin,
Cefalexin, ampicillin, doxycyclin,
streptomycin, spectinomycin,
neomycin,
clavulanate/amoxicillin,
sulabactam/ampicillin,
sulfamethoxazole, ticardillin,
cefotaxime, ciprofloxacin,
trimethoprim, tetracycline
Nigeria Beef 2015- ST405, ST58,ST131  22.6 Same Same (Adefioye et
20016 al,, 2021)
China Cloacal/ 2016 ST48, ST202, ST297, ND [-lactam, derivative of penicillin BlaCTX-M, bIaTEM, (Zhao et al.,
Beef ST398, ST4977, and third generation blaSHV 2018)
Cattle ST7130 cephalosporins
Dairy Canada Faecal ND ST744, ST10, ST4981, ND  Ampicillin, Ceftriaxone, Sul2, tet(A), (Massé et
Farms ST88, ST48, ST2500, Ceftiofur, Sulfisoxazole, strA/strB, aph(3’)-1°, al., 2023)
ST11813, ST540, ST34, ciprofloxacin, enronrofloxacin, ampC, gyrA, parE,
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ST408, ST57008, tetracycline, danofloxacin, parC, blaCTX-V,

ST219, ST38, ST1204, gentamycin, azithromycin, blaCTX-M-15,
ST2449, ST3018, nalidixic acid blaCTX-M-1, qnrSi,
ST69, ST1163, ST967, blaC-2

ST657, ST21, STi1y,
ST783, ST4559, ST172,

ST162, ST2522,
ST345, ST683, ST155,
ST297
Goats Italy Faecal 2019 ST675 ND Tetracycline, colistin acrD, KpnF, KpnE, (Smoglica et
baeS, baeR, tolC, al., 2023)
S0xS, CpxA, SOxR,
ampC, ampCi1, marA,
acrB, acrE acrE ,acrS,
aaR, gadW, gadX,
evgA, emrE, CRB
evgE, evgS
Nigeria Faecal 2015- ST155, ST131, ST167, 50  Penicillin, Clindamycin, blacrx-m1s (Adefioye et
2016 ST406, ST1771 Tobramycin, Ceftazidime, blactx-m-, blacrx-», al., 2021)
Cefazoline, Enrofloxacin, blacrx-m-g,
Sulfamethoxazole/trimethoprom blactx-m-u
, Cefuroxime, kanamycine,
Tazobactum/pipercillin,
Cefalexin, ampicillin, doxycyclin,
streptomycin,  spectinomycin,
neomycin,
clavulanate/amoxicillin,
sulabactam/ampicillin,
sulfamethoxazole, ticarcillin,
cefotaxime, ciprofloxacin,
trimethoprim, tetracycline
Sheep China Cloacal 2019- ST10, ST58, ST23,6.7 Ceftiofur, cefixime, ceftazidime, blacrx-m, blarev, (Zhao et al.,
Swabing 2020 ST162, ST361, ST167, ceftriaxone, cefpime, florfenicol, blaKPC, blaSHV, 2022)
ST1137, ST602 sulfisoxazole, mequindox, blacmy, blaoxa
tetracyclines, ampicillin,
enrofloxacin, spectinomycin,
colistin, gentamicin
Nigeria Faecal 2015- ST2348, ST1056, 5.5 Penicillin, Clindamycin, ND (Adefioye et
2016 ST405, ST156, ST131, Tobramycin, Ceftazidime, al., 2021)
ST58, STi55, STi167, Cefazoline, Enrofloxacin,
ST406, ST1771 Sulfamethoxazole/trimethoprom
, Cefuroxime, kanamycine,
Tazobactum/pipercillin,

Cefalexin, ampicillin, doxycyclin,
streptomycin,  spectinomycin,
neomycin,
clavulanate/amoxicillin,
sulabactam/ampicillin,
sulfamethoxazole, ticarcillin,
cefotaxime, ciprofloxacin,
trimethoprim, tetracycline

7.2 Plasmids Involved in ESBL-Bacteria

The plasmids involved in the ESBL production, have the potential to cause resistance to the other antibiotic classes including
fluoroquinolones, trimethoprim and aminoglycosides, because they carry resistant genes for them too (Paterson & Bonomo, 2005). As a result,
the treatment of diseases becomes an issue due to ESBL resistance and the presence of ESBL plasmids exacerbates the issue of antimicrobial
resistance and reduces the treatment options. Finally, the uncontrol use of antimicrobial drugs is proving the favourable environment for the
prevalence of ESBL plasmids, hence the antimicrobial resistance keeps on increasing. The worldwide use of antibiotics is a major factor in
increasing antimicrobial resistance, especially in bacteria involved in ESBL production. Recent investigations have identified that application of
different antibiotics within the recent 3 months and one-time therapy with specific antibiotic classes ( tetracycline, cotrimoxazole,
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cephalosporins and macrolides) are linked with the prevalence of gram-negative bacteria (Tacconelli et al., 2020; Zhu et al., 2019). One of the
first detection of extended-spectrum beta-lactamases was done in Spain between year 2000 and 2001 by (Brifias et al., 2003) the ESBL resistant
genes have been separated throughout the world including Europe (Aworh et al., 2020; Blaak et al., 2015; Brifias et al., 2003; Brower et al.,
2017; Maamar et al., 2016; Overdevest et al., 2011).

The prevalence of ESBL resistance genes in poultry is problematic as it causes serious concern for one health issue due to the zoonotic
potential of some of the bacteria especially Salmonella through food consumption, which can increase the risk of prolonged hospitalization and
poor prognosis of an infection (Olsen et al., 2014; Ramos et al., 2020). The spread of pathogen bacteria between poultry and humans was
suggested as beta-lactamase CTXM-15 and its closely related ESBL genes were identified in E. coli isolates of poultry and humans (Dierikx et
al., 2013; Falgenhauer et al., 2019). Different ESBL-resistant genes were extracted from different animals including poultry from Escherichia
coli isolated and separated from different regions of Pakistan (Shafiq et al., 2022). The CTX-M genes were identified in the UK in Salmonella
isolates of animals and humans together and in human isolates in Germany, respectively (Pfeifer et al., 2009; Randall, 2004).

Conclusion

Antimicrobial resistance (AMR) in livestock is an increasing global issue, caused by the overuse of antibiotics for treatment, prevention,
and growth promotion. The rise in Escherichia coli cases that cause BLSE (E. coli) is a serious zoonotic issue that affects both human and animal
health. Despite global attempts like the One Health strategy, many challenges still exist, particularly in low- or middle-income countries. This
includes inadequate surveillance systems, insufficient regulatory frameworks, and a general lack of awareness. The increased demand for
proteins has accelerated the elution process, which has led to an accumulation of antibiotic dependence and accelerated the emergence of E.
coli along with other bacteria that are resistant to various antimicrobials. Furthermore, improper handling of animal waste increases
environmental contamination, and the risks associated with antibiotic resistance. The limited treatment options also make it more difficult to
effectively control animal infections. It is also critical to educate farmers and veterinarians on how to use antibiotics wisely. The livestock sector
may play a vital role in reducing antimicrobial resistance by encouraging environmentally friendly practices and encouraging international
cooperation. Such initiatives and projects will improve animal health, protect public health, and ecosystems, resulting in a highly sustainable
and secure future.
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