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leading to prolonged illness, high mortality, and increased healthcare costs. This review
summarizes the mechanisms of resistance, global and Indian statistics, contributing
factors, and strategies for rational antibiotic use. It also highlights the pharmacist’s role
in antimicrobial stewardship programs. Understanding and implementing rational use
principles can reduce resistance and preserve antibiotic efficacy for future generations.

INTRODUCTION

Antibiotics are chemical substances that inhibit the
growth of or destroy microorganisms. They have
transformed medical practice since their
discovery, saving millions of lives. However, the
misuse and overuse of these agents have resulted
in antibiotic resistance, defined by the World
Health Organization (WHO) as the ability of
bacteria to resist the effects of an antibiotic that
they were once sensitive to. Antibiotic resistance
is now one of the biggest threats to global health,
food security, and development. This review aims
to analyze the mechanisms, causes, global status,
and preventive strategies of antibiotic resistance.

The inappropriate prescribing of antibiotics in
outpatient and hospital settings has accelerated the
emergence of resistant bacteria.
developing countries, antibiotics

In many
are easily
available without prescription, leading to self-
medication and unregulated consumption.
Antibiotic resistance compromises the success of
organ transplantation, cancer chemotherapy, and
major surgeries by increasing the risk of
untreatable infections. The evolution of multidrug-
resistant (MDR) and extensively drug-resistant
(XDR) pathogens poses a challenge to modern
healthcare systems. Global organizations such as
WHO, CDC, and ICMR have launched several
initiatives to promote rational antibiotic use and
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monitor resistance  patterns. This review
emphasizes the need for concerted global action
and highlights the pivotal role of pharmacists and
healthcare professionals in combating antibiotic

resistance.
2. HISTORICAL BACKGROUND

The discovery of penicillin by Alexander Fleming
in 1928 marked the beginning of the antibiotic era.
Between 1940 and 1970, numerous antibiotics
such as tetracyclines, and
erythromycin were discovered, leading to a period
known as the ‘Golden Age’ of antibiotic
development. However, by the 1980s, new

streptomycin,

antibiotic discovery declined, and resistant strains
like MRSA (Methicillin-resistant Staphylococcus
aureus) and VRE  (Vancomycin-resistant
Enterococci) emerged. The current crisis is driven
by the overuse and misuse of antibiotics in both
humans and animals.

3. MECHANISMS OF
RESISTANCE

ANTIBIOTIC

* Enzymatic degradation — Bacteria produce
enzymes that destroy antibiotics. Example: 3-
lactamase enzymes in E. coli and Klebsiella.

» Target modification — Bacteria alter their
target sites, reducing antibiotic binding.
Example: MRSA modifies penicillin-binding
proteins.

 Efflux pumps — Some bacteria pump
antibiotics out of the cell, decreasing
intracellular concentration.
Pseudomonas aeruginosa.

* Reduced permeability — Changes in cell wall
structure prevent antibiotic entry, common in
Gram-negative bacteria.

* Biofilm formation — Bacteria form biofilms
that protect them from antibiotics. Example:
Staphylococcus epidermidis.

Example:
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4. CAUSES OF ANTIBIOTIC RESISTANCE
A. Human Factors

* Overprescription of antibiotics for viral
infections like the common cold and flu.

* Incomplete antibiotic courses leading to
partial bacterial elimination.

* Self-medication and over-the-counter

availability of antibiotics.

B. Hospital Factors

Poor infection control practices in healthcare
settings.

Unnecessary use of  broad-spectrum
antibiotics without culture confirmation.

C. Veterinary and Agricultural Factors

* Use of antibiotics as growth promoters in
livestock and poultry.

» Transmission of resistant bacteria through the
food chain.

D. Environmental Factors

Disposal of pharmaceutical waste into water
sources, contaminating ecosystems.

5. GLOBAL AND INDIAN SCENARIO

Globally, WHO (2024) reports approximately 5
million deaths each year associated with
antimicrobial resistance (AMR). In India,
resistance among E. coli, Klebsiella pneumoniae,
and Staphylococcus aureus is alarmingly high.
Programs like the Global Antimicrobial
Resistance Surveillance System (GLASS) and the
Indian Council of Medical Research—AMRSN are
tracking and analyzing trends. India’s unregulated
antibiotic market and OTC availability make the
situation particularly critical.
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6. IMPACT OF ANTIBIOTIC RESISTANCE

Clinically, antibiotic resistance leads to longer
illness durations, treatment failures, and increased
mortality rates. Economically, it increases hospital
stays and the need for costly second-line therapies.
Public health suffers as resistant strains spread
rapidly through communities, while the social
impact includes reduced productivity and higher
national healthcare costs.

7. RATIONAL USE OF ANTIMICROBIALS

According to WHO, rational use of medicines
means patients receive medications appropriate to
their clinical needs, in doses that meet individual
requirements, for an adequate period, and at the
lowest cost to them and their community. Key
principles include proper diagnosis, selection of
the correct antibiotic, appropriate dose and
duration, de-escalation after culture results, and
avoiding self-medication.

8. ANTIMICROBIAL
PROGRAMS (ASP)

STEWARDSHIP

Antimicrobial stewardship involves coordinated
interventions to improve antibiotic use. Core
elements include  formulary  restrictions,
preauthorization, dose optimization, [V-to-oral
switch policies, and continuous auditing.
Pharmacists play a vital role by monitoring
antibiotic use, educating healthcare workers, and
analyzing prescription data.

9. STRATEGIES TO COMBAT ANTIBIOTIC
RESISTANCE

* Education and awareness among healthcare
professionals and the public.

» Strict regulations banning non-prescription
antibiotic sales.

* Enhanced surveillance
resistance trends.

systems to track
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* Encouragement of new antibiotic research,
vaccines, and alternative therapies like phage
therapy.

* Improved infection control and sanitation
practices.

* Global collaboration under WHO’s Global
Action Plan on AMR (2015).

10. FUTURE PROSPECTS

Future efforts should focus on utilizing Artificial
Intelligence to predict resistance patterns,
developing novel antibiotics, and exploring non-
traditional therapies such as Dbacteriophage
treatment and probiotics. Pharmacogenomics can
aid personalized antibiotic therapy, while
pharmacist-led stewardship programs should be

expanded globally.

1. Artificial
Learning:

Intelligence and Machine

Al algorithms are now being used to predict
antibiotic resistance patterns,
prescription  decisions, and discover

optimize
new
antimicrobial molecules faster than traditional
methods.

2. Phage Therapy:

Bacteriophages — viruses that infect bacteria —
are re-emerging as targeted treatments for resistant
infections,  especially where conventional
antibiotics fail.

3. CRISPR-Cas Technology:

Genetic editing tools like CRISPR are being
explored to selectively disable resistance genes in
bacteria, providing a potential breakthrough in
reversing resistance.

4. Antimicrobial Peptides (AMPs):
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Natural or synthetic peptides with antibacterial
properties are being studied as new drug classes
that bacteria are less likely to develop resistance
to.

5. Nanotechnology in Drug Delivery:

Nanoparticle-based antibiotics improve drug
penetration into bacterial cells and biofilms,
enhancing efficacy and reducing required doses.

6. Development of Vaccines:

Preventing infections through vaccines (e.g.,
pneumococcal, typhoid, and influenza) reduces
antibiotic consumption and thus the spread of
resistance.

7. One Health Approach:

Integrating human, animal, and environmental
health initiatives helps track and control antibiotic
use across sectors — endorsed by WHO and FAO.

8. Strengthening Antimicrobial Stewardship:

Global expansion of stewardship programs in
hospitals, clinics, and community pharmacies is
vital for monitoring and guiding antibiotic use.

9. Public Education and Digital Campaigns:

Mobile apps and online platforms are being used
to educate the public about proper antibiotic use
and the dangers of resistance.

10. Encouraging New Drug Discovery
Incentives:

Governments and global organizations are
promoting funding programs for antibiotic R&D to
overcome the “innovation gap” in antibiotic

development.

11. Pharmacogenomics and Personalized

Therapy:

Tailoring antibiotic treatment based on a patient’s
genetic makeup may enhance effectiveness and
reduce misuse.

12. Pharmacist-led Global Collaboration:

Pharmacists can lead surveillance, counseling, and
training initiatives globally to ensure antibiotics
are dispensed and used responsibly.

CONCLUSION

Antibiotic resistance is a major challenge requiring
urgent attention. Rational use and stewardship are
essential to preserve the effectiveness of existing
antibiotics. Through global cooperation and local
action, including stronger pharmacy involvement,
the threat of antibiotic resistance can be controlled
for future generations

Antibiotic resistance has become one of the
greatest public health challenges of the 21st
century. The increasing misuse and overuse of
antibiotics in human medicine, veterinary practice,
and agriculture have accelerated the evolution of
resistant bacterial strains. If this trend continues
unchecked, the world may soon enter a “post-
antibiotic era,” where even common infections
could become untreatable.

The rational use of antimicrobials is, therefore, not
just a clinical requirement but a global
responsibility.  Interdisciplinary  collaboration
among healthcare professionals, microbiologists,
veterinarians, and policymakers is essential to
promote antimicrobial stewardship. Educational
campaigns should focus on changing both
prescriber and patient behavior toward antibiotics.
Recent advances in artificial
intelligence, and nanomedicine hold great promise
for developing innovative therapies that can

genomics,

2761 |Page



Somnath Datir, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 10, 2758-2762 [Review

resistance  mechanisms.
However, the of these
depends on global cooperation, robust surveillance
systems, and the responsible use of existing

antibiotics. Only through a united “One Health”

overcome bacterial

success innovations

approach — integrating human, animal, and
environmental health — can the growing threat of
antibiotic resistance be controlled effectively.

In conclusion, antibiotic resistance is not a
problem of science alone but a reflection of
society’s approach to medicine, hygiene, and
awareness. A rational, well-coordinated, and
sustainable strategy will determine the future of
infectious disease management worldwide.
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