OPEN @ ACCESS Freely available online

t 329 Journal of Molecular Pathology and
N2 ¥/ Biochemistry

Commentary

The Science and Clinical Applications of Antimicrobial Therapy and its Impact

Kelly Memeo

Department of Microbiology, Saint Mary's University, Nova Scotia,

DESCRIPTION

Antimicrobial therapy is a cornerstone of modern medicine,
playing a pivotal role in the treatment of infections caused by
bacteria, viruses, fungi, and parasites. It encompasses the use of
antimicrobial agents, such as antibiotics, antivirals, antifungals,
and antiparasitic drugs, to target and eliminate the infectious
agents responsible for a wide range of illnesses. The development
and widespread use of antimicrobial therapy have revolutionized
healthcare and significantly increased life expectancy. However,
the rise of antimicrobial resistance and the overuse of these drugs
present significant challenges that require careful management
and stewardship. This study delves into the various aspects of
antimicrobial therapy, its historical context, and mechanisms of
action, challenges, and the importance of responsible use.

Mechanisms of antimicrobial action

Antimicrobial agents target specific components or processes in
microorganisms, disrupting their ability and
reproduce. Understanding these mechanisms is crucial for
developing effective therapies. Here are the primary mechanisms
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of antimicrobial action:

Inhibition of cell wall synthesiss Many antibiotics, such
as penicillins and cephalosporins, interfere with the synthesis
of bacterial cell walls. By weakening or disrupting the cell wall,
these drugs make bacteria more susceptible to environmental
stress and ultimately cause cell lysis.

Inhibition of protein synthesis: Antibiotics like tetracyclines
and macrolides target bacterial ribosomes, preventing them from
producing essential proteins. This disruption impairs the
bacteria's ability to function and reproduce.

Inhibition of nucleic acid synthesis: Antimicrobial agents,
including quinolones and rifampin, inhibit the synthesis of DNA
or RNA in bacteria. By interfering with genetic replication and
transcription, these drugs disrupt the bacteria's ability to
replicate.

Disruption of cell membrane function: Some antibiotics,
like polymyxins, disrupt the integrity of bacterial cell membranes.
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This disruption leads to the leakage of essential cell components,
ultimately causing cell death.

Inhibition of metabolic pathways: Certain antibiotics, such
as sulfonamides and trimethoprim, interfere with bacterial
metabolic pathways. By inhibiting the production of essential
compounds like folic acid, these drugs disrupt bacterial growth
and reproduction.

Antimicrobial resistance

Despite their remarkable efficacy, the overuse and misuse of
antimicrobial agents have led to the emergence and spread of
antimicrobial (AMR). AMR
microorganisms evolve mechanisms to evade the effects of
antimicrobial drugs, rendering these drugs ineffective. This
global health threat has dire consequences, including increased
morbidity, mortality, and healthcare costs.
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The development of AMR is a natural evolutionary process
accelerated by factors such as the inappropriate use of antibiotics
in healthcare and agriculture, poor infection control practices,
and the global movement of people and goods. Resistant
microorganisms, often referred to as "superbugs," can cause
infections that are difficult or impossible to treat with standard
antibiotics, necessitating the use of more potent and often more
toxic drugs.

To combat AMR, antimicrobial stewardship programs have been
implemented in healthcare settings. These programs aim to
optimize the use of antimicrobial agents, ensuring they are
prescribed only when necessary and used at the right dose and
duration. Additionally, research into the development of new
antimicrobial agents and alternative treatment approaches is
ongoing to address the growing threat of resistance.

Clinical applications

Antimicrobial therapy plays a critical role in the treatment of
various infections across medical disciplines. Here are some key
clinical applications:

Respiratory infections: Antibiotics are commonly prescribed
for respiratory tract infections, including
bronchitis, and sinusitis.
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Viral infections like the common cold do not respond to
antibiotics, highlighting the importance of accurate diagnosis.

(utis) UTIs, often caused by
Escherichia coli, are typically treated with
antibiotics. The kind and severity of the infection determine

Urinary tract infections

bacteria like

the medication to use.

Skin and soft tissue infections: Bacterial infections of the skin
and soft tissues, such as cellulitis and abscesses, often require
antibiotic therapy to prevent the spread of infection.

Sexually transmitted infections (stis): Bacterial STIs like syphilis
and gonorrhea are treated with antibiotics. Effective treatment is
crucial to prevent complications and transmission.

Surgical prophylaxis: Antibiotics are administered before

surgical procedures to reduce the risk of postoperative
infections. The choice of antibiotic and timing are critical

factors in surgical prophylaxis.

Tuberculosis (tb): TB is caused by Mycobacterium tuberculosis
and requires a combination of antibiotics for an extended
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duration to achieve cure and prevent the development of drug-
resistant strains.

Antiviral therapy: Antiviral drugs, such as oseltamivir for
influenza and antiretroviral therapy for HIV, are essential in
managing viral infections. They can suppress viral replication
and slow disease progression.

Antifungal therapy: Fungal infections, such as candidiasis
and aspergillosis, are treated with agents that
target specific aspects of fungal biology.

antifungal

Antimicrobial therapy has played a pivotal role in transforming
medicine and saving countless lives. However, the emergence of
antimicrobial resistance and other challenges necessitate
responsible use, continued research, and innovative approaches
to ensure the effectiveness of these vital medicines.
Antimicrobial stewardship, coupled with ongoing efforts to
develop new therapies and improve diagnostics, is crucial in
addressing the complex landscape of infectious diseases in the
21st century. Ultimately, the future of healthcare depends on
our ability to protect and preserve the power of antimicrobial
agents for generations to come.
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