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ABSTRACT

interventional strategies.

Antimicrobial resistance (AMR) is a mechanism of resistance that interconnects with environment, pollution and water influencing a
global threat to human health with predicted high mortality rate which will be far higher than other ongoing challenging diseases. AMR
led the drugs to lose it effectiveness on microbes through resistance mechanism and made the disease more worsen to recover. This article
on AMR aims to provide an overview by compiling current knowledge on this ongoing life threaten global concern and to improve our
understanding by focusing on the drivers of resistance, transmission, one health perspective on AMR, its prevention and advanced
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Introduction

Antimicrobial resistance is one of the most influential global threats of 21
century to human health that has now become a political concern and
discussed at social gatherings and G7 meetings as well. AMR is predicted
to increase the mortality rate to about 10 million annually by 2050 if it
remains untreatable. Antimicrobial resistance is triggered by bacteria, fungi
and parasites when they withstand antimicrobial treatment, rendering cure
ineffective and continue to cause infection [1]. Many studies considered that
AMR is new due to its broad media attention but hoary showed resistance
gene early in glacial bacteria over 2000 years ago and bacteria from
permafrost over 30,000 years ago has antimicrobial resistance. It indicates
that antimicrobial resistance came before this world discovered any
antimicrobial drugs [2].

Epidemiology

The WHO declared AMR as the global life threat. In 2019 AMR led to 4.9
million deaths in low-income countries. Without the implementation of any
controlled measure, the death rate will dramatically climb to predicted
mortality rate which is more higher than the death rate caused by
tuberculosis with a number of 1.5 million, malaria with a rate of 643,000,
and even higher than death number with 864,000 caused by HIV/AIDS [3].
Mechanism of resistance

Microorganisms trigger resistance against antimicrobial agents through
intrinsic and extrinsic pathways. Intrinsic resistance is acquired naturally by
many microorganisms that don’t require any preexisting interaction with
drugs. Extrinsic resistance is acquired through external factors including
horizontal gene transfer and chromosomal mutation that requires prior
exposure [4].

Transmission

Antimicrobial resistance spread through a massive network of transmission
including human gut, environment and pollution. Human microbes contain
3.3 million genes which include 150 more genes than human genome itself.
Due to close contact of microbes in gut, many events of HGT recorded that
becoming the major cause of resistance in organisms [5]. Soil and water are
considered as the most primitive residence of resistant genes which spread
through contact between humans and food. Resistant genes are also
discovered in most unforeseen areas with no population that show the
ancient behavior of resistance in microbes [6]. Aquatic systems including
hospital, wastewater and pharmaceutical waste act as major reservoir of
resistance that promotes horizontal gene transfer and boosts the diversity of
resistant genes in environment [7]. Air polluted by pharmaceutical
discharge that contains high level of ARGs, antibiotics, biocides and metal
provide resistance across environment and bacteria [8].
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Fig.1: One health perspective [9]
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Drivers of AMR

Antibiotic Misuse

Initially, antibiotics were used as miracle cure against infections that
enhance life expectancy. Sir Alexander Fleming initiated this global era by
decreasing the mortality rate. Later, due to overuse and misuse of antibiotic
drugs in human environment it lost its effectiveness and contribute to the
global challenge of antimicrobial resistance [10].

Extracellular vesicles

Microbes (Bacteria, Fungi and parasite) release tiny bubble-like structure
called extra cellular vesicles that help microbes to share resistance trait to
survive against drugs. EVs share resistance traits through outer membrane
vesicles(OMV), explosive outer membrane vesicle(EOMV) and
cytoplasmic membrane vesicles(CMV) [11].

Horizontal Gene transfer

Horizontal gene transfer is a major factor that leads to resistance from one
bacterium to entire bacterial community through the process of conjugation,
transduction and natural transformation. Process of Conjugation requires
interaction of two bacteria for gene sharing. Transduction mechanism
involves accidental gene transfer to cell during bacteriophage interaction.
In natural transformation, bacteria use their natural competence ability to
acquire resistance [12].

Challenges

Data gap in low middle income countries due to poor infrastructure of
laboratories, low health surveillance, poor diagnosis makes it challenging
for researchers to understand the prevalence of resistance [13]. Reliable
forecasting is difficult due to versatile nature of microbe’s resistance which
is making future prediction for control intervention complicated [14].
Advanced Intervention

Nano Antibodies

Nano antibodies are about 10-100 nm small silver or gold based antibiotic
link nanoparticles. Nano particles provide protection against microbes by
attacking their membrane and their biofilm that blocks the communication
of microbes and enhances drug effectiveness [15].

CRISPR-Cs9

CRISPR based tools are used to detect the AMR gene in clinical samples
for fast diagnosis and to protect against infections. In case of AMR this
technique is used to cut the plasmid that carry many resistant genes and
prevent the horizontal gene transfer into many bacteria. This breaks the
cycle of Resistance [16].

Antimicrobial peptide

Antimicrobial peptide are small molecule that are part of our innate
immunity which are stimulated by white blood cell and epithelial cells.
AMPs act as antibodies against microbe by disturbing their membrane and
biofilms and regulate the mechanism of chemotaxis and boost our
immunity[17].

Vaccines

Vaccination is a procedure of controlling infection that lead to unnecessary
antibiotic consumption. High consumption of antibiotic enhance the chance
of microbes resistance. These vaccination can lower the resistance by
reducing antibiotic intake. The vaccination campaign program by WGS for
awareness against typhoid covered almost millions of children and prevent
the resistance by vaccination that lower the chance of antibiotics [18].
Prevention

https://biologicaltimes.com/



https://biologicaltimes.com/

b Biological Times

Volume No.5 | IssueNo.6 | Pages1-2

The WHO builds a five-objective plan for the prevention of AMR along 178
countries but only 25% of countries are adopting the objectives that include:

Awareness strategies
Extending surveillance
Dropping the infection rate
Controlling antibiotic use
Discovering new medicine

For low Middle-Income Countries by working on only WASH (Water,
Sanitation and Hygiene) and vaccine strategies can reduced 337,000 deaths
annually [19].

Conclusion

AMR is not a threat only it is recognized as the current global crisis that
needs urgent global action to control its prevalence. By focusing on
advanced tools, one health perspective along WHO 5 objective strategic
plans, we can halt the resistance. The future treatment plan on AMR needs
a global commitment into action to enhance its effectiveness.

References

]
121
131

141

[51

[6]

Published on: 30 June, 2026

Tang KWK, Millar BC, Moore JE. Antimicrobial resistance (AMR). Br J Biomed Sci.
2023;80:11387. doi:10.3389/bjbs.2023.11387.

Morrison L, Zembower TR. Antimicrobial resistance. Gastrointest Endosc Clin N Am.
2020;30(4):619-635. doi:10.1016/j.giec.2020.06.004.

Walsh TR, Gales AC, Laxminarayan R, Dodd PC. Antimicrobial resistance: Addressing a
global threat to humanity. PLoS Med. 2023;20(7):€1004264.
doi:10.1371/journal.pmed.1004264.

Ciobanasu C. Bacterial extracellular vesicles and antimicrobial peptides: A synergistic
approach to  overcome antimicrobial resistance.  Antibiotics.  2025;14(4):414.
doi:10.3390/antibiotics14040414.

Deshpande SP, Sujith S, Jobby R, Rajasekharan SK, Ravichandran V, Solomon AP. The gut
microbiome: An emerging epicenter of antimicrobial resistance? Front Microbiol.
2025;16:1593065. doi:10.3389/fmicb.2025.1593065.

Li H, Yang K, Liao H, Lassen SB, Su J, Zhang X, et al. Active antibiotic resistome in soils
unraveled by single-cell isotope probing and targeted metagenomics. Proc Natl Acad Sci U S
A.2022;119(40):¢2201473119. doi:10.1073/pnas.2201473119.

171

18]

191
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

La Rosa MC, Maugeri A, Favara G, La Mastra C, Lio RMS, Barchitta M, et al. The impact of
wastewater on antimicrobial resistance: A scoping review of transmission pathways and
contributing factors. Antibiotics. 2025;14(2):131. doi:10.3390/antibiotics14020131.

Pal C, Bengtsson-Palme J, Kristiansson E, Larsson DGJ. The structure and diversity of human,
animal and environmental resistomes. Microbiome. 2016;4(1):54. doi:10.1186/s40168-016-
0199-5.

‘Wang M. Editorial: Antimicrobial resistance dissemination and horizontal gene transfer. Front
Cell Infect Microbiol. 2023;13:1240680. doi:10.3389/fcimb.2023.1240680.

Tang KWK, Millar BC, Moore JE. Antimicrobial resistance (AMR). Br J Biomed Sci.
2023;80:11387. doi:10.3389/bjbs.2023.11387.

Jiang B, Lai Y, Xiao W, Zhong T, Liu F, Gong J, et al. Microbial extracellular vesicles
contribute  to  antimicrobial  resistance. = PLoS  Pathog.  2024;20(5):e1012143.
doi:10.1371/journal.ppat.1012143.

Lerminiaux NA, Cameron AD. Horizontal transfer of antibiotic resistance genes in clinical
environments. Can J Microbiol. 2019;65(1):34-44. doi:10.1139/cjm-2018-0275.

Davis K, Limato R, Monga M, Egid B, Paul S, Okioma S, et al. Antimicrobial resistance, equity
and justice in low- and middle-income countries: An intersectional critical interpretive
synthesis. Nat Commun. 2025;16(1):9078. doi:10.1038/s41467-025-64137-z.

Aldeyab MA, Lattyak WJ. Challenges in forecasting antimicrobial resistance. Emerg Infect
Dis. 2023;29(7):1496. doi:10.3201/eid2907.230489.

Adefisoye MA, Olaniran AO. Antimicrobial resistance expansion in pathogens: A review of
current mitigation strategies and advances towards innovative therapy. JAC Antimicrob Resist.
2023;5(6):dlad127. doi:10.1093/jacamr/dlad127.

Devi M, Yashika, Saxena S, Niyogi SG, Kishor K, Thakur S. CRISPR-CAS9: A paradigm shift
in gene editing addressing antimicrobial resistance. Curr Gene Ther. 2026;26.
doi:10.2174/0115665232426265251126093935.

Michalik M, Podbielska-Kubera A, Dmowska-Koroblewska A. Antibiotic resistance of
Staphylococcus aureus strains—Searching for new antimicrobial agents—Review.
Pharmaceuticals. 2025;18(1):81. doi:10.3390/ph18010081.

Waddington C, Carey ME, Boinett CJ, Higginson E, Veeraraghavan B, Baker S. Exploiting
genomics to mitigate the public health impact of antimicrobial resistance. Genome Med.
2022;14(1):15. doi:10.1186/s13073-022-01020-2.

Ho CS, Wong CTH, Aung TT, Lakshminarayanan R, Mehta JS, Rauz S, et al. Antimicrobial
resistance: A concise update. Lancet Microbe. 2024;6(1):100947.
doi:10.1016/j.lanmic.2024.07.010.

https://biologicaltimes.com/



https://biologicaltimes.com/

