© July 2026 | IJIRT | Volume 13 Issue 2 | ISSN: 2349-6002

Antimicrobial Resistance: A Growing Global Crisis- A

Comprehensive Educational Review

Saba Shafeen!, Sri Kanth Durgam?
!4ssociate Professor, Department of Pharmacology, Joginpally B.R. Pharmacy College, Moinabad, R.
R.District, Hyderabad, Telangana-500075
2Department of Pharmacology, Joginpally B.R. Pharmacy College, Moinabad, R. R.District, Hyderabad,
Telangana-500075

Abstract—Antimicrobial resistance (AMR) is rapidly
becoming one of the most significant public health
emergencies of this century. It occurs when bacteria,
viruses, fungi, and parasites evolve in ways that render
standard treatments ineffective. When drugs fail,
infections persist, complications multiply, healthcare
costs soar, and people die who otherwise should not.
This review presents AMR in a clear, teachable format:
what it is, how it emerged, the biological mechanisms
microbes use to resist drugs, the human behaviors that
fuel the problem, the real-world burden, the WHO
priority pathogens (including the ESKAPE group),
practical prevention strategies, and where scientific
innovation might lead us next. For anyone studying
healthcare, writing policy, or simply trying to be an
informed adult, AMR is not “optional knowledge”; it is
essential.

L INTRODUCTION

Antimicrobial resistance (AMR) means a microbe can
survive and continue multiplying even when drugs that
once killed it or stopped its growth are present. This
definition is simple. The consequences of this are
severe.

Once antimicrobials lose their effectiveness, “routine”
infections stop being routine infections. The treatment
is longer and more complex. Hospitals spend more.
Mortality rates rise.

Penicillin transformed medicine overnight after
Alexander Fleming’s discovery in 1928. Previously
fatal infections have become treatable. However,
resistance appeared quickly, faster than many had
expected. This is the part that people often forget.

IJIRT 206283

Today, the antibiotic pipeline is dangerously thin,
while resistant organisms spread faster than we can
replace what we have lost.

“Antibiotic resistance is one of the biggest threats to
global health, food security, and development.”

II. HISTORICAL BACKGROUND

The antibiotic age began in the 1940s when penicillin
production was scaled up for widespread use. The the
1950s and the 1960s are often referred to as the
“golden era” of antibiotics. New classes of antibiotics
have  emerged, including  aminoglycosides,
tetracyclines, cephalosporins, and macrolides. It felt
endless. It wasn’t.

Resistance did not wait for the results. Penicillin-
resistant Staphylococcus aureus was documented in
1947—the same year Fleming, in his Nobel lecture,
warned that careless use would breed resistant mutant
strains. By the 1960s, methicillin-resistant S. aureus
(MRSA) had appeared. By the 1990s and the 2000s,
the world faced extensively drug-resistant TB (XDR-
TB) and carbapenem-resistant Enterobacteriaceae
(CRE) on a global scale.A sobering marker: the last
truly new antibiotic class to receive approval was
lipopeptides (daptomycin) in 2003. Since then, the
pipeline has remained uncomfortably empty.

I1I. MECHANISMS OF ANTIMICROBIAL
RESISTANCE

Microbes do not “decide” to resist. They survive. They
adapt. They use a complete toolkit to do this. To
understand AMR, these tricks must be understood.
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3.1 Enzymatic Inactivation: Some bacteria produce
enzymes that destroy antibiotics before they can work.
A classic example is beta-lactamases, which break the
beta-lactam ring in penicillins and cephalosporins.
Extended-spectrum beta-lactamases (ESBLs) further
disable a wide range of drugs and complicate standard
therapy.

3.2 Target Modification: Sometimes, the drug is
effective; however, the target has changed. Bacteria
can alter the binding site so that the antibiotic cannot
attach. MRSA is a classic example; it produces an
altered penicillin-binding protein (PBP2a) driven by
the mecA gene, which interacts poorly with most beta-
lactams.

3.3 Efflux Pumps: Efflux pumps act as microscopic
bouncers in the cell membrane, expelling
antimicrobial agents before their concentrations reach
effective levels. Some pumps are non-selective and
eject multiple unrelated drug classes, thereby fueling
multidrug resistance (MDR).

3.4 Reduced Permeability: Gram-negative bacteria
can make entry harder by reducing or altering porins,
which are channels in the outer membrane. The less
the drug enters, the less it reaches its target. This
mechanism is critical for carbapenem resistance,
especially in Pseudomonas aeruginosa and Klebsiella
pneumoniae.

3.5 Biofilm Formation: Biofilms are a nightmare for
treatment. Bacteria form structured communities
wrapped in a protective matrix, making it difficult for
antibiotics to penetrate or act effectively. Cells in
biofilms can tolerate antibiotic exposure up to 1,000
times better than free-floating (planktonic) bacteria.

Horizontal Gene Transfer (HGT)
HGT accelerates AMR. Resistance genes move
between bacteria via:

Conjugation (plasmid transfer)

Transformation (DNA uptake from the environment)
Transduction (bacteriophage-mediated transfer)

This sharing—fast, messy, and efficient—explains
how AMR has become global so quickly.
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Iv. FACTORS CONTRIBUTING TO AMR

4.1 Antibiotic Overuse and Misuse: Bad prescribing is
not a rare occurrence. Treating viral illnesses with
antibiotics, choosing the wrong agent, Underdosing
Patients stopping early because they “feel better “all
apply selective pressure that rewards resistant strains.
In many low- and middle-income countries (LMICs),
antibiotics can still be bought without a prescription,
which dramatically worsens this problem.

4.2 Antibiotic Use in Agriculture: Approximately 70—
80% of global antibiotic consumption is used in
animals, mainly livestock. Antibiotics are often not
used to treat diseases but to promote growth or prevent
infection in crowded settings. This creates massive
reservoirs of resistance genes that can eventually enter
the human population.

4.3 Poor Infection Prevention and Control: Hand
hygiene may seem boring until you witness the spread
of resistant organisms throughout a ward. Poor
sanitation, inadequate cleaning, and limited access to
safe water facilitate transmission in hospitals and
communities.

4.4 Lack of Diagnostics and a Thin Drug Pipeline:
Without rapid diagnostics, clinicians often default to
broad-spectrum therapy “just in case.” This is
understandable at the moment, but it fuels resistance.
Meanwhile, the economics are backwards: antibiotics
take 10—15 years and over $1 billion to develop, then
are priced low and held in reserve. Investors do not
like this math.

V. EPIDEMIOLOGICAL BURDEN

A major 2022 Lancet analysis estimated that in 2019,
AMR directly caused 1.27 million deaths and was
associated with approximately 4.95 million deaths,
surpassing HIV/AIDS and malaria. The burden hits
hardest in sub-Saharan Africa and South Asia, where
health systems often have the least capacity to absorb
it.In healthcare settings worldwide, infections due to
MRSA, carbapenem-resistant organisms, and ESBL-
producing bacteria drive higher mortality, longer
admissions, and higher costs than infections caused by
susceptible strains. This pattern is consistentand
depressing.
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VL WHO PRIORITY PATHOGENS AND
ESKAPE ORGANISMS

In 2017, the WHO released its first list of priority
antibiotic-resistant  pathogens  worldwide. The
ESKAPE organisms are a notorious subset—frequent
causes of hospital-acquired infections and experts at
evading therapy.

Table 1. WHO Priority Pathogens (Critical Category)

and ESKAPE Organisms
Organism Resistanc Common Notes
e Type Infections
Acinetobact | Carbapen Ventilator- Some
er em- associated strains
baumannii resistant pneumonia, nearly
wound untreata
infections ble
Pseudomona | Carbapen | Opportunistic Highly
s aeruginosa em- infections adaptabl
resistant | (immunocompr e
omised, burns,
cystic fibrosis)
Enterobacter | Carbapen UTIs, sepsis, Rapid
iaceae (K. em- pneumonia internati
Pneumoniae | resistant, onal
, E. Coli) ESBL- spread
producing
Staphylococ | Methicilli | Skin/soft tissue | Commo
cus aureus n- infections, nin
(MRSA) resistant endocarditis, hospital
sepsis s and
commun
ities
Enterococcu | Vancomy Endocarditis, Especial
s faecium cin- UTIs ly in
(VRE) resistant hospitali
zed
patients
Mycobacteri MDR- >1 million Long,
um TB, MDR-TB toxic
tuberculosis | XDR-TB cases/year treatmen
t
courses
Neisseria Third-gen Gonorrhea Risk of
gonorrhoeae | cephalosp untreata
orin- ble STI
resistant
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VII. PREVENTION AND CONTROL STRATEGIES

7.1 Antibiotic Stewardship Programs (ASPs):
Stewardship is not just a slogan of “use fewer
antibiotics” It is an organized practice involving
restrictions, pre-authorization, audit and feedback,
education, and real accountability in prescribing.
Evidence suggests that ASPs can reduce antibiotic use
by approximately 20-30% without harming patient
outcomes.

7.2 Infection Prevention and Control (IPC): The IPC
is unglamorous but brutally effective:

Hand hygiene

e  Barrier precautions

e  Environmental cleaning

e Isolation when needed

The WHO’s “5 Moments for Hand Hygiene” is used
globally because it works when people actually follow
it.

7.3 Vaccination: Vaccines prevent infections, and
fewer infections result in fewer antibiotic
prescriptions. This reduces the selective pressure. The
pneumococcal conjugate vaccine is a good example of
this; it has lowered the incidence of invasive
pneumococcal disease and reduced the associated
antibiotic use.

7.4 Rapid Diagnostics: Point-of-care and fast lab
methods can identify the pathogen and its
susceptibility profile sooner, allowing targeted therapy
instead of broad and blunt therapy. PCR panels,
MALDI-TOF, and whole-genome sequencing (WGS)
are reshaping the speed at which clinicians can move
from guesswork to precision.

7.5 Public Education: Public behaviour is important.
The World Antimicrobial Awareness Week
(WAAW), held every November, aims to increase
awareness and encourage responsible antibiotic use
worldwide. Awareness alone is not magic, but silence
is worse.

VIIIL. THE ONE HEALTH APPROACH

AMR does not stay in one lane. Human, animal, and
environmental health are closely
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interconnected. This is the point of One Health. Real

national action plans for AMR must address the

following:

e Antibiotic use in human medicine, veterinary
medicine, and agriculture

e Investment in surveillance, diagnostics, and
research

e  Water and sanitation upgrades

e  Education and behavior change at every level

IX. FUTURE PERSPECTIVES

Beating AMR will depend on innovation, because the
old playbook is failing. Several lines of

research are promising. Bacteriophage therapy:
viruses that selectively infect and kill bacteria; interest
is rising again for MDR infections. CRISPR-based
antimicrobials: targeted gene editing aimed at
resistance genes inside bacterial populations. Ant
virulence strategies: disarm bacteria (toxins, quorum
sensing, biofilms) instead of killing them outright.
Antimicrobial peptides (AMPs): natural compounds
with broad activity and relatively low resistance rates
Artificial intelligence: speeding up discovery, spotting
resistance patterns, and improving dosing strategies

X. CONCLUSION

AMR is a slow-burning disaster. It is not flashy like a
sudden outbreak; worse, in some ways, because it
creeps. Decades of overuse, weak diagnostics,
underinvestment in new drugs, and disjointed global
coordination have created the current situation.

For students and clinicians, AMR is not a niche topic.
It is a daily practice: prescribe with discipline, follow
infection control, support vaccination, and push for
policy changes that make responsible care easier—not
harder.

“In the race between microbes and medicine, inaction
is the only guaranteed path to defeat.”
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