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Abstract

One health is a collaborative, multi-sectoral, trans-disciplinary approach used to
achieve optimal health and well-being outcomes that recognize the interconnections
among people, animals, plants, and their shared environment. This approach is crucial
because animals and people are colonized by the same bacteria species and treated with
the same antibiotic classes; the technique is instrumental in fighting antibiotic resis-
tance. The microorganism developed antibiotic-resistant genes, which were transferred
to the animal and human population via the environment. Human activities speed up
the organism to acquire resistance rapidly. The primary sources of antimicrobial resis-
tance from the environment were improper sewage and hospital waste sanitation, efflu-
ents from antibiotic production units, animal husbandry waste, agricultural manure
use, livestock, and aquatic sources. This study analyzed the various routes by which
antimicrobial-resistant gene is transferred into humans and their pathway in India.

The study concludes that implementing strict regulation and monitoring regarding the
irrational use of antibiotics in animals, sewage disposal, waste disposal, and hospital
infection control practices, and providing awareness to the public regarding antibiotic
resistance can reduce the rate of developing antibiotic resistance to some extent along
with implementing antibiotic stewardship programmes for veterinary medicine.

Keywords: antimicrobial resistance (AMR), antimicrobial stewardship (AMS), one
health, environment, sources

1. Introduction

One health is a collaborative, multi-sectoral, trans-disciplinary approach working
at local, regional, national, and global levels to achieve optimal health and well-being
outcomes that recognize the interconnections among people, animals, plants, and
their shared environment [1]. This approach is crucial because animals and people are
colonized by the same bacteria species and treated with the same antibiotic classes;
the technique is instrumental in fighting antibiotic resistance [2].

Antimicrobial resistance is defined as a microorganism’s acquired or inherited capa-
bility to resist the effect of a particular antimicrobial and then continue its proliferation
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Figure 1.
Schematic diagram of antibiotic-vesistant gene transfer from various sources to human.

in the host. Superbugs are microorganisms that are capable of withstanding more than
one antimicrobial. At the initial stage of antimicrobial discovery, primary sources were
natural sources; therefore, the chances of developing antimicrobial resistance from
natural sources are now at their peak. Every organism battles with antimicrobials for
survival and existence, but human actions enhance this for an organism to acquire resis-
tance. This has led to a global threat of antimicrobial resistance and treatment failures.

As per the World Health Organization (WHO), 07 lakh deaths are reported every
year due to antimicrobial resistance resulting in treatment failure. Estimates show
that 10 million deaths will be reported by 2050 due to antimicrobial-resistant infec-
tions. WHO further recognizes that antibiotic resistance bacteria (ARB) and resistant
genes are the major contributors to environmental pollution, and they will be a
significant threat to human and animal populations worldwide.

The prevalence and occurrence of antimicrobial resistance from environmental
and natural sources is not studied extensively. The environmental factors also vary
across locations based on the ethnicity, culture, belief, and practices of humans
worldwide. As per the existing evidence, the primary sources of antimicrobial
resistance from the environment were improper sewage and hospital waste disposal,
effluents from antibiotic production units, animal husbandry waste, agricultural
manure use, livestock, and aquatic sources (Figure 1). Due to globalization, these
antibiotic-resistance genes spread rapidly from one region to another. Human migra-
tion and travel, importing and exporting goods primarily carry these resistant genes
and organisms to different areas [3].

2. Antibiotics in humans

Various reports across the globe state that Asian countries are the most widespread
consumers of antibiotics worldwide. More specifically, India (10.7 units per person)
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stands first, followed by China (7.5 units per person) in antibiotic consumption. As
per the latest study, the BRICS countries (Brazil, Russia, India, China, and South
Africa) observed a 76% increase in the consumption of antibiotics [4]. As per the
antimicrobial resistance (AMR) surveillance data from India, the most common
pathogen isolated was Escherichia coli (E. coli), followed by Klebsiella species (22%),
Staphylococcus aureus (S. aureus) (18%), Pseudomonas species. (10%), Enterococcus
species (9%) and Acinetobacter species (8%), Salmonella Typhi and Para typhi (0.5%)
[5]. The frequently consumed antibiotics in India were cephalosporins (32%), penicil-
lin (28%) and macrolides (14%), followed by tetracyclines (6%) [6]. As per the study
by ICMR, more resistance was found in cephalosporins (60%) and fluoroquinolones
(41.5%) [7].

2.1 Antimicrobial resistance and human gut microbiome

The bacteria, their genomes and the environmental circumstances of the human
digestive tract are referred to as the ‘human gut microbiome’. The use of high-
throughput, low-cost sequencing tools has fuelled research into the gut microbiome
in the recent decade to determine its composition, function, and role in health
and illness [8]. The gut includes hundreds of bacterial species, collectively known
as the microbiota, where Bacteroidetes and Firmicutes bacteria account for 90%
of all species in healthy individuals’ guts [9]. Less common bacteria such as phyla
Actinobacteria, Proteobacteria and Fusobacteria can protect against diseases [10, 11].
The human host has a symbiotic or commensal connection with most intestinal
microorganisms. However, some organisms belonging to Enterobacteriaceae,
including Escherichia coli and Klebsiella pneumonia, and Enterococcaceae, particu-
larly Enterococcus faecalis and Enterococcus faecium, are found in the gut microbiota.
Intestinal carriage of these bacteria can predispose to urinary tract infections and
more serious systemic infections in immunocompromised people [12-14]. Infections
caused by antibiotic-resistant clones of E. coli, Klebsiella pneumoniae [15] and E.

faecium [16] have increased globally in recent decades. Various studies have observed
that multi-drug resistance diseases cause more morbidity and mortality in low- and
middle-income countries in Asia, Africa and South America [17-19].

The essential methods by which bacteria might develop resistance to antibiotics
are the prevention of antibiotics reaching toxic levels inside the cell, altering the
antibiotic target, and modifying or degradation of the antibiotic itself [20]. These
resistance mechanisms can occur due to chromosomal gene changes and the horizon-
tal gene transfer (HGT) of antibiotic resistance genes (ARGs) from other strains of
the same or different species. HGT aided significantly in the global distribution of
ARGs. HGT can occur in any environment, especially when bacterial loads are high,
such as in soil [21], wastewater treatment facilities [22, 23], and human and animal
gut microbiomes [24-26]. Previous research has demonstrated that the gut has many
antibiotic resistance determinants, known as ‘gut resistome’ [27, 28].

Oral ingestion of contaminated substances (food, trash, residual waste from
occupational exposure or polluted surroundings) and inhalation of airborne ARB are
two routes by which ARB and ARGs reach human gut ecosystems [29, 30]. The fate
of ingested bacteria, including ARB, is determined by various factors such as pre-
existing microbiome structure, medication, host age and dietary environment. Under
normal nutritional and physiological conditions, the diversity and abundance of the
gut microbiome operate as a significant barrier to the integration of ingested bacteria,
and most ingested bacteria only colonize the human body transiently. Antibiotic
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treatment or intake of antibiotic residues, on the other hand, may significantly
modify gut microbiota structure, facilitate ARB integration by reducing competition,
and enhance ARG proliferation by removing competition.

Due to a favorable environment (e.g. high concentrations of ARG, stable tempera-
ture, physiochemical conditions, and nutrient availability), long-term colonization by
ARB may also accelerate HGT in the human gut and contribute to the emergence of
multi-drug resistance genes by pathogens such as methicillin-resistant Staphylococcus
aureus (MRSA).

2.2 Mechanism of horizontal gene transfer

The transfer of genetic information between bacterial species is a dynamic and
continuous process resulting in the constant evolution of the bacteria. It is known to
impact the host significantly with delayed or immediate effects. Most frequently rec-
ognized mechanisms of HGT occur by transduction, transformation or conjugation.
Naked DNA from the extracellular environment is taken up by bacteria and integrated
into their genomes during transformation. Bacteria that are naturally transformable
or competent are required for the transformation process. The genes involved in
DNA uptake in several other species show this trait is more prevalent [31]. Over 80
bacterial species have been experimentally demonstrated to be naturally competent.
The factors that cause naturally transformable bacteria to enter a capable condition
are unknown; however, nutritional deprivation and the presence of competence-
inducing peptides have been identified as triggers [32]. Due to this process, competent
natural pathogens such as Neisseria gonorrhoeae, Vibrio cholera and Streptococcus
pneumoniae have acquired antibiotic resistance [33].

Membrane vesicles (MVs) are 20-250 nm spherical objects produced mainly by
Gram-negative bacteria when the outer membrane bulges away from the cell and is
released by constriction [34]. The cargo is delivered when MVs fuse with their target
cells. MVs are generated in vitro by commensal bacteria in the gut. MVs formed by
gut bacteria can also include cytoplasmic components, including DNA, which are
significant in the context of HGT [35]. Protrusion of the outer and inner membranes
is thought to create DNA-containing MVs, which leads to the incorporation of cyto-
plasmic components into the vesicles. Similarly, vesicle-mediated transfer of DNA has
also been reported for E. coli [36]. While MVs are produced in the gut and can poten-
tially influence host immune responses [37], it is unclear whether they can contribute
to HGT in the gut microbiome.

Transduction is the transfer of chromosomal and extrachromosomal DNA
between bacteria via a viral intermediary known as a bacteriophage. Generalized,
specialized, and lateral transductions are the three basic transduction methods.
Antibiotic-resistant genes can mobilize any portion of a bacterial genome if favorable
factors exist. When bacteriophages in the lytic cycle incorporate parts of the bacte-
rial host’s DNA during capsid production, this is known as generalized transduction.
Regions immediately flanking a lysogenic phage’s integration site are excised and
packed into the capsid in specialized transduction [38]. Prophages initiate DNA
replication while still integrated into the host, known as lateral transduction.

Before excision from the host genome, this mechanism makes numerous copies of
DNA. After being excised, the DNA—which can be hundreds of kilobases long and
comprise both phage and neighboring genes—is packaged into new phage particles
and distributed to other bacterial strains [39]. The human gut has a diverse com-
munity of bacteriophages [40, 41], and ARG-carrying phages can be found in large
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numbers in the gut and other settings [42]. Antibiotic therapy enhances the number
of these ARG-carrying phages in the human stomach [43]. The quantitative contribu-
tion of phages to the horizontal transfer of ARGs is still unknown.

Mobile genetic elements like plasmids and integrative and conjugative elements
(ICEs) are transmitted from one bacteria to another in the conjugation process [44].
Due to their large size and the common occurrence of one or more toxin-antitoxin
modules that ensure that plasmids are kept inside their microbial hosts, conjugative
plasmids are likely the most relevant for transmitting ARGs among conjugative ele-
ments [45].

A pilus carries DNA between bacteria close to one other during conjugation, a
complicated, multi-stage, and contact-dependent process [46]. With its rich mucous
coating and high density of bacterial cells, the gut provides an ideal habitat for con-
jugation. While colonizing the human gut, commensals and opportunistic infections
have been found to transfer antibiotic resistance plasmids and ICEs [47, 48]. Notably,
conjugative plasmids can supply the machinery that allows non-self-transmissible
DNA to be mobilized, considerably enhancing the potential for resistance determi-
nant HGT [49].

3. Antibiotics use in animal husbandry

In 1940, studies observed that the addition of antibiotics in cattle feed led to an
enhancement in the weight gain and feed conversation ratio, which led to the irra-
tional use of antibiotics in animals to enhance cattle growth. Over several years, this
irrational use of antibiotics in cattle feed led to an increased prevalence of infectious
diseases in animals due to the development of antibiotic resistance [50].

The cross-sectional study conducted in Haryana, with high milk consumption in
the Indian subcontinent, showed the irrational use of antibiotics as growth enhancers
and animal feed supplements. About 81% of the total participants in the study agreed
that they were about to add antibiotics to improve the production of animal products.
The survey indicates that 46% of the participants accepted that animal products
transmitted resistant bacteria to humans. In animal husbandry, the diagnosis is criti-
cal for prescribing antibiotics [51].

The prevalence of multi-drug resistant, extended-spectrum beta-lactamases pro-
ducing Escherichia coli from pig farms in Mizoram was studied by analyzing the fecal
samples collected from organized and unorganized farms. From the analysis, they
inferred that the majority of the E. coli were resistant to amoxicillin (81.7%), cefalexin
(85.42%), co-trimoxazole (50.78%), sulfafurazole (69.38%), tetracycline (65.89%)
and trimethoprim (TR) (51.94%). The results indicated the misuse and overuse of
antibiotics in pig farms in India [52].

There are many possible routes for transmitting antibiotic-resistant bacteria from
farm animals and their products, directly or indirectly, of which horizontal gene
transfer plays a significant role [53, 54]. Table 1 depicts various antibiotic-resistant
gene observed in livestock. Shotgun metagenomics was used to analyze the charac-
terization of the resistome, showing the presence of plasmid metagenomes in AMR
genes. The most common resistance in cattle and animal products was to tetracycline,
quinolone, and beta-lactams.

The behavior and destiny of ARB and ARGs discharged from animal husbandry to
soil (e.g. by land application of manure and wastewater irrigation) and aquatic ecosys-
tems have been studied extensively (e.g. through wastewater discharge and runoff).
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Class Livestock animals Antibiotic-resistant gene identified

Penicillin Cattle, pigs, sheep, turkeys, ampC, blaTEM, qnrS, tetW.
horses. Dogs, cats, calves.

Sulfonamide Rabbits, dogs, poultry sull, sulll.
dogs, turkeys, cats.

Polypeptides Food-producing animals. Beef mprE, yycG, rpoB, rpoC, cls2, pgsA, agrA, prs,
cattle, dairy cattle, poultry, and pnpA, pmrHFIJKLM, pagP, phoP.
swine, turkey.

Aminoglycosides Cattle and sheep, chickens, goats, rmtA, rmtB, armA, gar.
lambs, piglets, horses, turkey.

Amphenicols Poultry, birds. fexA, cat, cmlA, floR, cf, fex

Tetracycline Calves, lambs, poultry, and swine. tet

Cephalosporins Chicks, turkey, cattle, goats, pigs, blaTEM-1, blaDHA-1, and cfxA.
sheep.

Polymyxins Food-producing animals. Beef, arnBCADTEFoperon, pmrE, pmrC, pmrA/pmrB,
cattle, dairy cattle, poultry, and phoP/phoQ, mgrB, ptB, phoP/phoQ and mgrR,
swine. lpxM, acrAB, kpnEF, lpxA, lpxC, lpxD, colR/colS,

cprR/cprS, parR/parS, oprH.

Macrolides Poultry, broilers, cattle, pigs, erm, carA, ole, smrB, tlrC, vgaA, vgaB, ImrA,
lambs. mefA, msy, lsaA, IsaB, ereA, ereB, vgbA, vgbB,

inuA, inuB, vat, mph.

Streptogramins Cattle, pigs erm, carA, ole, smrB, tlrC, vgaA, vgaB, ImrA,
swine, turkey, and broiler mefA, msy, lsaA, lsaB, ereA, ereB, vgbA, vgbB,
chickens. inuA, inuB, vat, mph.

Glycopeptides Poultry, broilers, turkeys, birds. Van A

Lincosamides Swine erm, carA, ole, smyB, tlrC, vgaA, vgaB, ImrA,

mefA, ms, lsaA, IsaB, ereA, ereB, vgbA, vgbB,
inuA, inuB, vat, mph.

Fluoroquinolones Dogs and cat gnr
Poultry.

Table 1.

Antibiotic-vesistant gene observed in livestock.

Horizontal gene transfer (HGT) can transmit intracellular and free ARGs in surface and
groundwater, soil and air [55-58] to indigenous bacteria [59, 60] through several paths.
These ARBs may finally reach and colonize humans [21, 61], producing acute infections
or long-term quiet colonization that can eventually evolve into an infection.
Bacteria-carrying ARGs are discharged into diverse receiving habitats from
livestock farms via drainage, treated wastewater and solid waste. ARB and indigenous
bacteria may undergo HGT. Humans can potentially become infected with ARB if
exposed to it (e.g. water ingestion, food ingestion and inhalation). ARB might then
replicate in the human body (particularly the gut) and cause endogenous or external
infections.

3.1 Antibiotic use in milk animals
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consumption of non-heat-treated raw milk is now widely accepted as a trend in
industrialized countries owing to its positive health effects.

The most identified antibiotics in milk animals, as per the National Dairy Research
Institute (NDRI), were tetracycline, oxytetracycline, gentamicin, ampicillin, amoxi-
cillin, cloxacillin, and penicillin due to their lower costs [62]. Studies show that
farmers obtained antibiotics through various sources of consultancy. Only 50% of the
small farmers consulted veterinary care for antibiotics, whereas 76.79% of medium
and 87.50% of large farmers consulted the same. Other parakeet milk vendors have
opted for over-the-counter medications [63]. A study conducted in 2021 at small-scale
dairy farms in Assam and Haryana indicates that 53% of the small-scale farmers could
not explain the term antibiotic, which stands out as an essential factor for the misuse
of antibiotics in dairy farms. Residues of novobiocin, macrolides, and sulphonamides
are found in the milk sample collected from the farmers [64].

The use of antibiotics and antibiotic residues in milk dates back to the 60s, indicat-
ing a swelling trend of antibiotic use in animal farms and animal products. The use of
antibiotics in the milk industry may lead to antibiotic resistance and allergic reactions
such as anaphylaxis and serum sickness. The antibiotic residues interact with DNA
and RNA. Antibiotic residues may alter the chromosome, causing infertility due
to mutation [65]. A study conducted by Modi et al. [66] studied the prevalence of
campylobacter species in milk and milk products showing resistance against nalidixic
acid, ciprofloxacin, and tetracycline. A study conducted in 2020 involved the detec-
tion of antibiotic-resistance genes in raw milk for human consumption. The traces of
antibiotics in the milk clearly indicate giving antibiotics to the cattle, but there is no
strict regulation to monitor and control the irrational use.

3.2 Antibiotic use in poultry

As per the reports, India was the fifth high consumer of antibiotics in animals as
of 2010. However, this ratio will be doubled by 2030 [67]. Tetracycline, doxycycline,
and ciprofloxacin were reported to be highly used in poultry and colistin as a growth
promoter [68]. Several studies have shown traces of antibiotic residues in chicken
meat intended for human consumption [69]. A survey conducted by Kaushik ez al.
in eastern India found that E. coli isolates showed high resistance to cefuroxime and
penicillin in poultry [70].

Similarly, another study conducted in Mumbai reports a massive rise in tetracy-
cline resistance among Salmonella species in poultry [71]. A recent study conducted
in North India observed a high level of resistance genes against fluoroquinolones
followed by tetracycline and beta-lactams [72]. Recent studies conducted in Kerala
found that antibiotics were supplied along with feed, leading to antibiotic resistance
[73]. Similarly, the study found E. coli resistance to beta-lactams and carbapenem in
the poultry litter, and similar resistance has been observed and correlated with isola-
tion from patients with UTI in that area.

Koirala et al. [74] conducted a cross-sectional study in 30 larger broiler poul-
try farms to understand the prevalence of antibiotic use and antibiotic resistance
developed in poultry farms. The study found that 90% of the farms used antibiotics.
Antibiotics were used for prophylaxis and therapeutic purposes. The standard cat-
egories of antibiotics used for prophylaxis are fluoroquinolone and aminoglycosides.
For treatment, macrolides and polymyxin are used. In observation: 47% of them
used tylosin and colistin. Neomycin and doxycycline were used in combination with
antibiotic therapy. Gene mutation and enzyme production induced by chromosomes
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Species Poultry Disease caused Antibiotic Antibiotic-
resistance resistant gene
Staphylococcus Chicken, Staphylococcus Beta-lactam Altered DNA
species turkey. Pododermatitis Tetracycline gyrase and
Septicaemia Oxacillin reduced outer
membrane
Mec A resistant
gene (MRSA).
Pseudomonas Chicken, Sinusitis Cephalosporins Class 1 intern to
species turkey, Keratitis Penicillins carry multiple
ducks, geese, Septicemia Quinolones drug-resistant
ostriches. Endocarditis via Monobactams genes.
wounds and needles
for vaccines
Escherichia species Chicken Gastrointestinal Tetracycline bla-TEM, sul2,
illness Penicillin sul3, aadA, strA,
Sulfonamides strB, tetA, tetB
qnrS resistance
gene involved
in transfer from
farms to human
population.
Salmonella species Chicken, Gastrointestinal Multi-drug
humans. disease resistant gene.
Streptococcus Cattle, Mastitis-cattle Penicillin Tetracycline
species pigeons, Septicaemia-pigeons Tetracycline resistant gene
humans. Meningitis-humans such as tet (M),
tet(L), tet(O).
Yersinia species Poultry meat Acute enteritis in Cephalothin ystB virulence
human via poultry Ampicillin gene.
products.
Table 2.

Antibiotic-resistant gene observed in poultry.

within the bacteria chromosome exhibits intrinsic resistance. HGT is the reason for

extrinsic or acquired resistance.

The use of antibiotics in the feed, exposure of the infected litter to the soil as
manure, and consumption of meat by human can lead to the entry of resistant organ-
isms into the human gut microbiota. Table 2 depicts various antibiotic-resistant gene

observed in poultry.

4. Pollution from the antibiotic manufacturing industry

India is the third largest country in pharmaceutical production in terms of volume,
and India has 3000 manufacturing companies and 10,500 manufacturing units
over the country. As per the Indian economic survey 2021, the domestic market will
triple in the upcoming decade [75]. Regarding antibiotics, 80% were produced and
exported globally by giant pharmaceutical manufacturers from India and China.

The studies have observed that industrial waste from these antibiotic production
units has significant traces of antibiotic residues [76-78]. The flow of this antibiotic
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residue to the environment will be from the bulk Active Pharmaceutical Ingredients
(API) manufacturing unit and the sub-manufacturing unit. The habitats impacted
by pharmaceutical industrial pollution were rich in ARGs and had the highest rela-
tive abundance of ARGs of all the ecosystems studied. The relative abundances of
ARGs in wastewater/sludge were also compared to the relative abundances of ARGs in
most other environmental habitats (sediment, water, soil and mine), all of which are
presumably less impacted by human fecal waste.

The existing Good Manufacturing Practices regulation in India mainly focuses on
drug safety, raising concerns over the environmental impact. The Central Pollution
Control Board (CPCB) and its constituent units scrutinize industrial waste disposal,
where strict control over antibiotic residuals should also be exerted [79]. The runaway
of antibiotic residue from the manufacturing companies will contaminate the soil and
water sources, further enhancing antibiotic resistance development through the food
chain.

5. Environmental sanitation

Better sanitation facility is a basic need of human life. Over 2.0 billion people still
need to catch up on common and basic sanitation facilities such as toilets or latrines.
Of these, 673 million still defecate in the open, for example, in street gutters, behind
bushes or into open bodies of water [80].

Even though India has improved drastically in providing better sanitation facili-
ties, remote rural areas still need to be adequately equipped with sanitation facilities.
The association between sanitation and the occurrence of antibiotic resistance is
based on the two factors, such as the antibiotic resistance prevalence rate in the area
and the concentration of resistant genes in the human gut.

Although on a lower scale, ARGs can also spread through receiving water and air
habitats. ARG abundances in receiving surface water habitats are typically 100 times
higher than those in upstream waters. When bacteria populate the intestinal mucosa
of fishes, ARGs can be obtained by bacteria reaching receiving water bodies, where
they can accumulate in sediments by sedimentation and adsorption. ARGs have been
found in groundwater 250 meters downstream from treatment lagoons in swine farms
[81]. ARGs are also identified in aerosols up to four orders of magnitude higher than
at the source, downwind of animal husbandry operations [82].

The current practice of sewage waste treatment technologies like sludge will not
extensively remove the wastewater’s antibiotic residues and resistance genes. The
sludge produced with antibiotic residues will freely flow to the soil and environment
and, finally, can enter the food chain.

6. Hospital infection control practices

Several studies have reported the resistant gene reservoir in clinical settings
[83-87] occurring due to HGT, but the rate and extent of this transfer mechanism are
not elaborately studied. Hospital infection control practices are pivotal in preventing
antibiotic resistance in humans. Irrational use of antibiotics and poor compliance
with infection control practices among healthcare providers contribute to antibiotic
resistance. The lacunae in knowledge among healthcare providers regarding the
growing trend of antibiotic resistance and infection control practice guidelines of the
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hospitals lead to irrational or overuse of antibiotics in hospitals and more frequently
among independent practitioners. These poor infection control practices contribute
to the rapid transmission of superbugs like MRSA and vancomycin-resistant entero-
cocci (VRE), and other multi-drug resistant Gram-negative bacterial infections
among hospital patients [88-90].

The significant challenges in these areas were the gap between the implementa-
tion and practices of infection control guidelines. Lack of knowledge regarding hand
hygiene to prevent the spread of hospital infections and lack of supervision, adminis-
tration, and facilities lead to the decline in infection control practices.

7. Conclusion

There is an alarming increase in antimicrobial resistance, and there is insufficient
evidence regarding the prevalence and occurrence of developing antimicrobial
resistance from environmental and natural sources. The environmental factors may
vary across different geographical locations based on the ethnicity, culture, belief and
practices of human populations. Therefore, location-based studies should be con-
ducted to correlate the burden of ever-increasing antibiotic resistance and its impact
on therapeutic outcomes. The lack of proper implementation of laws and regulations
regarding the disposal of biological waste and the use of antimicrobials in the animal
and agriculture field is significant contributors to the development of antibiotic
resistance.
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