International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

Article Review of Antibiotic Resistance

Libena K J', Dr Neethu J?
!Student, Dr. Moopens College of Pharmacy, Meppadi, India

2Professor, Dr. Moopens College of Pharmacy, Meppadi, India

Abstract: Background: Antibiotic resistance (AR) has emerged as a critical public health threat, driven by the overuse and misuse of
antimicrobial agents in both clinical and agricultural settings. Multidrug-resistant organisms such as Staphylococcus aureus,
Pseudomonas aeruginosa, and extended-spectrum f-lactamase (ESBL)-producing Enterobacteriaceae are responsible for rising morbidity
and mortality rates globally. The increasing resistance to existing antibiotics, coupled with a slowdown in the development of new
antimicrobial agents, demands comprehensive surveillance, prevention strategies, and innovative therapeutic approaches. Methodology:
This review synthesizes data from a series of peer-reviewed studies and reports that examine the molecular mechanisms, epidemiology,
and clinical impacts of antibiotic resistance. Topics covered include biofilm formation, efflux pump activity, horizontal gene transfer, and
the emergence of resistance in healthcare settings. Studies utilizing genomic surveillance, pharmacokinetic/pharmacodynamic (PK/PD)
models, and resistance mapping were assessed to understand resistance trends and intervention outcomes. Aims and Objectives: The
primary objective is to explore the causes, mechanisms, and implications of antibiotic resistance and to evaluate current strategies for
containment. Specifically, this work aims to: 1) Identify key bacterial resistance mechanisms. 2) Examine the relationship between
antibiotic use and resistance development. 3) Assess the impact of resistance on clinical outcomes. 4) Highlight the role of antibiotic
stewardship and policy reform. 5) Explore novel therapeutic strategies and resistance management frameworks. Results: The findings
underscore the complexity of resistance evolution. Resistance is often linked to the misuse of antibiotics, with genes being transferred via
plasmids, transposons, and other mobile genetic elements. Biofilms and efflux systems significantly increase bacterial tolerance to
antibiotics. Intervention strategies such as reduced prescribing, combination therapies, and the use of resistance inhibitors show mixed
results. Surveillance data indicate that while community prescribing has declined in some regions, resistance—especially among Gram-
negative bacteria—continues to rise. Conclusion: Antibiotic resistance remains an evolving threat requiring a multifaceted, global
response. While infection control and stewardship programs have had some success, resistance continues to spread due to genetic
adaptability and environmental factors. Combating this issue necessitates sustained investment in research, international policy
coordination, enhanced diagnostics, and the prudent use of antimicrobials.
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lactamase, public health, microbial genomics, antimicrobial therapy.

noted by Cunha (2000), the early emergence of methicillin-
resistant Staphylococcus aureus (MRSA) and penicillinase-
producing Neisseria gonorrhoeae set the stage for a global
health challenge that continues to escalate.

1. Introduction and Background

Antibiotic resistance (AR) poses a severe and escalating
threat to global public health, undermining decades of
medical advancement. Initially discovered after the
introduction of antibiotics post-World War II, resistance was
once considered a localized issue, mostly manageable through

Livermore (2005) adds that once-effective treatments like
penicillin, sulphonamides, and fluoroquinolones are losing

new drugs. However, the widespread and often indiscriminate
use of antibiotics in both clinical and agricultural settings has
led to the emergence of multidrug-resistant organisms,
including  Methicillin-resistant ~ Staphylococcus — aureus
(MRSA), carbapenem-resistant Enterobacteriaceae, and
drug-resistant Mycobacterium tuberculosis.

The situation is exacerbated by the stagnation in new
antibiotic development and the rapid evolution of bacterial
resistance mechanisms. Infections that were once easily
curable are now increasingly untreatable, leading to
heightened morbidity, mortality, and healthcare costs.
Furthermore, bacterial biofilms, which are communities of
microorganisms that adhere to surfaces, play a critical role in
chronic and device-associated infections and contribute
significantly to resistance by shielding bacteria from
antibiotics and the host immune system.

1.1 Historical Context and Global Impact
The evolution of antibiotic resistance can be traced back to

the post-World War II era, when the widespread use of
antibiotics began revealing signs of microbial adaptation. As

efficacy, especially against urinary tract infections and
hospital-acquired pathogens. Resistance not only increases
patient morbidity but also results in delayed treatment and
higher costs, particularly in intensive care units where
resistant infections are rampant.

1.2 Mechanisms and Transmission of Resistance

Resistance mechanisms are either intrinsic or acquired.

Intrinsic resistance refers to the natural insusceptibility of

certain bacteria to specific antibiotics, whereas acquired

resistance arises via mutations or horizontal gene transfer

(HGT). HGT involves plasmids, transposons, and

bacteriophages and can transfer resistance genes across

species and genera.

Notable resistance mechanisms include:

e Enzymatic degradation (e.g., B-lactamases breaking
down penicillins and cephalosporins)

o Efflux pumps that expel antibiotics out of bacterial cells

e Alteration of drug targets, preventing antibiotics from
binding effectively

o Biofilm formation, which enhances
resistance in harsh conditions

survival and
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Multidrug efflux systems like MexXY in Pseudomonas
aeruginosa and aminoglycoside-modifying enzymes are
critical resistance factors. Moreover, resistance is often
facilitated by the environmental resistome, where even
commensal and environmental bacteria serve as reservoirs of
resistance genes.

1.3 Resistance Classification and Terminology

« Natural resistance: inherent in certain bacterial species.

e Acquired resistance: due to genetic mutations or
acquisition via plasmids.

« Relative resistance: intermediate sensitivity that may be
overcome by higher antibiotic doses.

o Absolute resistance: high-level
therapeutic doses are ineffective.

resistance  where

Understanding this taxonomy is crucial for interpreting
susceptibility data and making informed clinical decisions

1.4 Methodologies in Resistance Studies

Various methodologies were discussed across the reviewed

literature, including:

« Epidemiological surveillance: Tracking resistance trends
over time

o 1In vitro susceptibility testing: Determining minimum
inhibitory concentrations (MICs) of antibiotics

e PK/PD modelling: Assessing antibiotic efficacy in
biofilm and planktonic infections

o Biocide exposure studies: Investigating the risk of cross-
resistance between antiseptics and antibiotics

e Genomic approaches: Whole-genome sequencing for
resistance gene detection

Animal models and wound infection studies have also
provided insights into the biofilm-associated resistance and
helped evaluate novel treatments such as antimicrobial
dressings.

2. Findings and Key Insights

The collective findings from the reviewed studies highlight

the alarming extent of resistance:

e Resistance is accelerating globally, with high levels in
low- and middle-income countries due to over-the-
counter availability of antibiotics.

e Resistance to last-resort antibiotics such as colistin and
carbapenems is rising, leaving limited treatment options.

o Biofilms play a major role in chronic infections and
contribute to persistent resistance despite aggressive
antibiotic therapy.

e Reducing antibiotic prescriptions alone may not
sufficiently reduce resistance; in some pathogens like E.
coli, resistance continues to rise despite decreased use.

e Vaccination, improved hygiene, and narrow-spectrum
antibiotics can help mitigate selective pressures driving
resistance.

3. Discussion: Challenges and Strategies

The complexity of antibiotic resistance demands multifaceted
solutions. Major challenges include:

e Limited drug pipeline: Pharmaceutical companies have
deprioritized antibiotic development due to poor return on
investment.

o Poor stewardship: Inappropriate prescribing, especially
for wviral infections like bronchitis, contributes to
resistance.

o Global disparity: Lack of standardized infection control
and access to diagnostics in developing nations
exacerbates the problem.

Potential strategies include:

e Antimicrobial stewardship programs
judicious use of antibiotics

« Combination therapy to prevent emergence of resistance

o Infection prevention measures, including vaccines and
sanitation

o Phage therapy and anti-virulence drugs as alternative
approaches

o Surveillance systems for early detection and containment

promoting

The evolution of resistance is a dynamic interplay of genetic
adaptation and environmental pressures. Thus, a “one-health”
approach integrating human, animal, and environmental
health is crucial.

4. Conclusion

Antibiotic resistance is a pressing, multifactorial threat
requiring  coordinated international action. = While
surveillance, stewardship, and infection control are vital,
innovation in antimicrobial research must be reinvigorated.
Addressing resistance demands a holistic and sustained effort
across sectors to preserve the effectiveness of existing
antibiotics and develop new therapeutic options.
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