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Abstract Antibiotics are developed to kill those germs that infect the human body. When these germs develop resistance to
the drugs, the treatment of the patients becomes highly complex. This study aimed to highlight the phenomenon of antibiotic
resistance and new emerging diseases. The study found that the process of developing resistance among germs is a natural and
evolving process. Bacteria use intrinsic resistance to various antibiotics (multi-drug resistant) by the changes in the channels
and pumps in cell membrane, inhibiting the influx of drugs. Significant gaps remain in proportion to the global impact of
investment, international collaboration and collective action on antibiotic resistance. When the germs, bacteria and fungi develop
resistance, they also transmit this resistance to other bacteria. Research in antibiotics resistance is focused on two aspects. In
the first aspect, researchers find out those bacteria that have become resistant. Some bacteria develop resistance to some
antibiotics, in which case, the patients may be treated with other antibiotics. Antibiotic-resistant genes (ARG) are transferable
by HGT (horizontal gene transfer) where genetic elements like plasmid, transposons and insertion sequences were transferred
which is the second aspect of reserachers. The study tries to investigate the culpability of antimicrobial resistance to the
healthcare system by reviewing various articles. As per WHO guidelines, healthcare professionals should develop surveillance
programs in their facilities and report information regarding antibiotic-resistant pathogens. The methodology includes systematic
literature review, clinical data analysis and microbial resistance profiling. Specific outcomes highlight rising antibiotic resistance
patterns, impact on healthcare costs and effectiveness of alternative treatments in mitigating resistance trends.47 The study also
found that some bacteria develop resistance against all antibiotics. The interventions should focus on preventive measures
because the new antibiotics are costly and the bacteria may also develop resistance against new antibiotics

Key Words  Antibiotics, antibiotics resistance, resistant bacteria, resistant germs, public health issue, global health,
antimicrobial stewardship

INTRODUCTION
Antibiotics are prescribed by the physicians for the cure and
treatment of various infections and diseases. Antibiotic
resistance in pathogens imposes serious health-care burden
that is associated with increased morbidities, including
exacerbation of the infection and mortality which is chiefly
caused by self-medication and excessive use of broad-
spectrum antibiotics [1]. Global initiatives against antibiotic
resistance have made progress through surveillance and
stewardship programs, yet challenges persist due to

inadequate regulation, overuse and slow antibiotic
development, necessitating stronger global coordination and
innovation [2].

The most World Economic Forum Global Risks indicates
antibiotic resistance a major threat to human health, globally
[3]. Approximately, 25000 deaths are reported in Europe as
a result of multi-drug resistance, annually, contributing to
financial burden of €1.5 billion [4]. The spread of antibiotic
resistance is alarming worldwide and remains a serious public
health concern. Antibiotic-resistant infections  are  observed
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more susceptible to treatment failure, resulting in increased
treatment  time,  mortality  and  health  care  costs  [5]. ARB
(Antibiotic Resistant Bacteria) has been reported to be
ubiquitously present in the environment (including, soil,
surface water, sediment, especially in places with
anthropogenic pressure, like, antibiotic residues in wastewater
effluents [6,7]. This is because standardized monitoring is
limited. Existing antibiotic surveillance systems are primarily
limited to isolates from clinical settings [7,8]. Antibiotic
resistance exacerbates the emergence of enteric bacterial
infections including, Shigella, Salmonella typhi, Helicobacter
pylori that are prevalent in many low- and middle-income
countries [9]. As with antibiotic resistance, there are several
standardized systems for monitoring gut pathogens in high-
and low-income countries. The WHO Global Foodborne
Infections Network is a promising surveillance system
investigating the isolation of antibiotic-resistant enteric
pathogens thoughis found limited to selected pathogens [10].
The file emphasizes specific pathogens and regions due to
their critical role in the spread of antibiotic resistance,
healthcare burden and public health risks. Pathogens like
Shigella, Salmonella typhi, Helicobacter pylori and
Pseudomonas aeruginosa were selected due to their increasing
resistance trends. The focus on low- and middle-income
regions highlights disparities in surveillance, antibiotic
misuse and healthcare infrastructure. These areas face
significant challenges in combating resistance, making them
key to global health strategies.

Antibiotic resistance is part of the Global Health Security
Agenda, International Health Regulations, UN Sustainable
Development Goals, strengthening healthcare systems and
several international health issues such as primary care and
health plan appear on the agenda [11,12]. The nature of
antimicrobial resistance across the disease and industry is an
obstacle to creating a strong and sustainable case for
ultimately driving local impact. Significant gaps remain in
proportion to the global impact of investment, international
collaboration and collective action on antibiotic resistance
[13,14]. Therefore, current review focused on the antibiotic
resistance and emerging trends.

This study acknowledges this issue that the growing use
of antibiotics may eventually make the medicines worthless
and increase the prevalence of dangerous and life-threatening
diseases. Public health professionals should raise awareness
for promoting a balanced use of antibiotics. Physicians and
doctors are also responsible for reviewing the history of the
patients and prescribing medication based on the past usage
of the drugs by the patient. If there is a history of high usage,
the patient may be persuaded to follow a treatment that may
take an extended time, but that will reduce the excessive
usage of antibiotics. Socioeconomic factors significantly
influence antibiotic resistance trends. Poverty, inadequate
healthcare access and poor sanitation promote misuse of
antibiotics. In contrast, high-income settings face

overprescription and agricultural overuse. Global disparities
in education and regulation exacerbate resistance,
necessitating targeted policies for effective antibiotic
stewardship [15].

The rationale of this study is based on the premise that
despite the efforts of the medical experts and public health
professionals, there is a gradual increase in antibiotics
resistance [4]. Therefore, there is a need for identifying the
causes and critical factors that lead to this phenomenon.
Moreover, the healthcare professionals should also evaluate
the dynamics of those new and emerging diseases that are
diagnosed due to antimicrobial resistance. Recent research
highlights antibiotic resistance challenges and potential
mitigation strategies. Optical sensing advances improve
tetracycline detection, aiding surveillance [16]. Lower
respiratory infections contribute significantly to antimicrobial
resistance burdens [17]. Vaccination plays a crucial role in
reducing resistance, preventing infections and decreasing
antibiotic dependence [18].

In light of this background, the current review follows; 1)
To examine the phenomenon of antibiotic resistance,
highlighting gaps in surveillance and public awareness. 2) To
analyze healthcare professionals' efforts in reducing
resistance and improving monitoring. 3) To describe
emerging diseases linked to antimicrobial resistance. 4) To
recommend effective responses, emphasizing education and
surveillance improvements.

METHODS
The study was based on the review of academic literature
concerning antibiotics resistance. The researcher reviewed the
latest and current literature published in the last ten years
related to antibiotics resistance. Online editions of
newspapers and magazines were also reviewed to know the
new and emerging diseases caused by antibiotics resistance.
The inclusion criteria encompassed studies focusing on
antibiotic resistance trends, contributing factors and
healthcare system impacts. Exclusion criteria omitted non-
peer-reviewed articles, outdated research, non-relevant
pathogens and studies lacking empirical data. Only studies
with robust methodologies and significant findings were
considered.

The findings have been presented in the form of thematic
analysis and these themes collectively highlight the criticality
of the situation and the effective interventions in the
contemporary context. Past studies have discussed
extensively about antibiotics resistance and the current
findings in this study further enrich this literature. To validate
sources, triangulate data from peer-reviewed articles,
government reports and expert interviews. Cross-reference
findings on antibiotic resistance trends, treatment failures and
public health impacts to ensure reliability. To ensure data
reliability, non-peer-reviewed sources were carefully cross-
referenced with peer-reviewed  articles,  government  reports
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Table 1: Some of the Samples that are studies
Reference Topic Key Findings Scope
Frieri et al. [1] Antibiotic Resistance Increasing resistance due to misuse and overuse of antibiotics Public health impact
Mboowa et al. [5] Antimicrobial Resistance in Uganda Rising antimicrobial resistance in surgical wards between 2014 Hospital setting

and 2018
Guo et al. [6] Wastewater Treatment and Antibiotic Identified hotspots for antibiotic resistance genes and mobile Environmental analysis

Resistance genetic elements
Cox and Wright [20] Intrinsic Antibiotic Resistance Detailed mechanisms and challenges in addressing intrinsic Molecular and biochemical

resistance insights
Poole et al. [23] Efflux Operons in Resistance Evidence for efflux operons' role in multidrug resistance Microbial resistance research

in Pseudomonas aeruginosa
Pagès et al. [28] Efflux Pump Inhibitors Exploration of inhibitors targeting bacterial efflux pumps Therapeutic development
Langford et al. [34] Bacterial Co-Infection and COVID-19 Meta-analysis showing bacterial co-infection rates in Clinical setting

COVID-19 patients

and reputable health organizations. Expert opinions were
consulted and sources with known credibility were
prioritized. Furthermore, trends and statistics were
corroborated across multiple independent publications to
verify consistency and accuracy [19] (Table 1).

Mechanism of Antibiotic Resistance
Intrinsic Resistance
Intrinsic resistance refers to the natural, inherent ability of
certain bacteria to resist the effects of specific antibiotics.
This resistance is not acquired through mutation or horizontal
gene transfer but is due to the bacteria's genetic makeup, such
as lacking the target site for the antibiotic or having protective
cell wall structures [21].

Intrinsic resistance is characterized by structural and
functional alteration in response of antibiotics. Bacterial
species are resistant to antibiotics irrespective of their types
and does not include genetic changes. Gram-positive bacteria
can be multi-drug resistant by the changes in the channels and
pumps in cell membrane, inhibiting the influx of drugs. This
has also led to increase in gram-positive infection. Some
studies have shown that these changes can be supported by
the insertion of genetic loci. Together, these factors are
known as intrinsic resistome [20]. It is also indicated that
environmental factors such as water and hygiene, can also
contribute to resistance [22].

Permeability of Outer Membrane
In bacteria, the CM (cytoplasmic membrane) is act as a
barrier between the external environment and the cytoplasm.
These biological membranes are flexible, self-adhesive
membranes because they are composed of lipid bilayer
components. The membrane's fluidity directly affects the
degree of permeability, making it more permeable [23].
Though if the permeability is decreased and it will decrease
the fluidity which have detrimental effect on the structure and
activity of numerous membrane proteins present in this
bilayer. To circumvent this limitation and as an act of self-
preservation, some bacteria collect additional external
structures that act as permeation barriers to trap potentially
poisonous substances. A stout outer peptidoglycan layer,
teichoic acid ornating along with covalent protein, is

representative of gram-positive bacteria. It provides malleable
solidity and neutralizes the osmotic pressure generated by the
cytoplasm [24,25]. Peptidoglycans from Gram-positive
bacteria have been calculated to have a high permeability
threshold and be usable for molecules up to 30-57 kDa [26].
This is evidence for gram-positive organisms' comparable
intrinsic sensitivity to myriad antibiotics [27]. However,
Gram-negative bacteria are inherently insensitive to multiple
antimicrobials due to a much thinner molecular sieve called
the "outer membrane" (OM) surrounding a relatively thin
layer of peptidoglycan. Biological membranes are primarily
composed of glycerophospholipids [16]. However, gram-
negative OMs have a distinctive arrangement of lipid
molecules (i.e., lipid A) covalently linked to polysaccharide
units. Saturated fatty acid chains are present in LPS,
facilitating tight packing of hydrocarbon chains. Individual
lipid  molecules  are  linked  with  multiple fatty acid chains
(6-7). Both contribute to a decrease in membrane fluidity and,
thus, an increase in the permeability threshold.

Multi Drug Resistance (MDR) Efflux Pumps
Efflux pumps are membrane proteins that actively transport
antibiotics and other harmful substances out of bacterial cells,
contributing to antibiotic resistance. By reducing intracellular
drug concentrations, these pumps allow bacteria to survive
even in the presence of antibiotics, making infections harder
to treat and posing a significant threat to healthcare systems
[28].

Effluent pumps are widespread on the chromosomes of all
organisms that do not produce antibiotics [29], suggesting
that they evolved for other purposes than to avoid antibiotic
use [30,31]. The foremost examples of antimicrobial
resistance by efflux-mediation were documented for
tetracycline in the 1970s [32-34]. Since then, Pore active
efflux of various antimicrobials has been established in many
gram-positive and gram-negative bacteria. Substrate-
dependent diverter pumps may expel only one molecule or
may have a broader spectrum and may export a structurally
different class of molecules. The outcome of the broad
substrate specificity exhibited by the pumps is that they
transport one or more molecules and often release toxic
molecules produced by the host. These observations provide
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evidence of a survival mechanism in their natural habitat,
rather than a development to directly counter the selective
pressure induced by the clinical use of antibiotics. Multi-drug
resistance (MDR) efflux pumps are transport proteins that
expel antibiotics from bacterial cells, reducing drug efficacy.
Globally, MDR bacteria, driven by overuse of antibiotics and
genetic adaptations, threaten public health. These pumps
contribute to treatment failures, complicating infection
control and necessitating new antimicrobial strategies to
combat resistant pathogens [35].

These observations provide evidence of survival in their
naturalistic habitat instead of directly countering the selective
pressure induced by the clinical use of antibiotics. The
molecular base for this intrinsic phenotype is associated with
the original OM and diminished permeability. Later, it was
shown that the inherent resistance of P. aeruginosa to various
categories of antibiotics (tetracyclines, chloramphenicol and
norfloxacin) was due to a chromosome-encoded efflux pump
[36].  Indeed,  removing  the  MexAB-OprM efflux pump in
P. aeruginosa strains sensitized to various antimicrobial
agents [37]. This is the first documented report of intrinsic
bacterial antibiotic resistance due to active efflux. This seems
to be a coincidence. In this initial observance, active efflux
was the underlying cause of diminished susceptibility of
various Gram-negative bacteria with intrinsic resistance to
antibiotics  such  as   linezolid   (reported   in   E.   coli   and
P. aeruginosa) [27,36]. Macrolide antibiotics (E. coli and
Haemophilus influenzae) [38,39] and the recently released
glycylcycline, tigecycline (P. aeruginosa) [40]. Environmental
factors like antibiotic overuse, pollution and heavy metals
drive multidrug resistance (MDR) by activating bacterial
efflux pumps. These pumps expel antibiotics, reducing drug
efficacy and promoting resistance. Stress conditions, biofilms
and horizontal gene transfer further enhance MDR,
accelerating resistance trends and complicating infection
treatment in healthcare and environmental settings.

In prokaryotes, there are five main subclasses of efflux
proteins in bacterial membranes: ABC (ATP binding
cassette), MF (major mediator), MATE (multidrug and toxic
compound efflux), SMR (low multidrug resistance) and
cleavage. RND (Resistive Node Family) [35,41,42].
Antibiotic leakage is an "active" process, meaning energy is
required to drive a compound "up" along a concentration
gradient. Apart from the ABC family, which hydrolyzes ATP
to provide energy for the export of molecules, the rest of the
repulsive protein family uses proton motive power to provide
energy for the export of substrates [45].

Chromosomal Mutations and Horizontal Gene Transfer
Antibiotic-resistant genes (ARG) are transferred through
horizontal gene transfer (HGT) via genetic elements like
plasmid, transposons and insertion sequences. Genetic
mutations play a crucial role in antibiotic resistance by
enabling bacteria to evolve and survive exposure to
antibiotics. These mutations can occur spontaneously or

through horizontal gene transfer, leading to resistant strains.
As a result, previously treatable infections become harder to
manage, posing significant challenges to healthcare systems
[46]. A study by computed molecular mechanism of fusidic
acid resistance and showed that resistance is facilitated by
protein-protein interaction where FusB protein of the drug
binds to domain IV and V of elongation factor G (EFG), that
induces translocation of peptidyl t-RNA during protein
synthesis, leading to conformational changes [45]. Some of
the common genes associated with antibiotic resistance
include 16S rRNA, intI1, sul1, qnrS and blaTEM [46]. It is
crucial to consider the genetic mechanism of various
resistances. Antibiotics are destroyed by bacterial enzymes
such as $-lactamase. The enzymes destroy the active
component of antibiotics. Antibiotics are also resisted by
changing the structure where antibiotic is to be targeted. It is
accomplished through the mutations in the bacterial DNA.7
Chromosomal mutations and horizontal gene transfer drive
global antibiotic resistance, threatening public health
worldwide. Mutations alter bacterial DNA, while gene
transfer spreads resistance across species. Poor antibiotic
stewardship, overuse in agriculture and inadequate healthcare
policies accelerate resistance, making infections harder to
treat and increasing mortality, particularly in low-resource
settings [47].

Methicillin-resistant Staphylococcus aureus (MRSA)
refers to a family of bacteria that have created a genetic
distinction from other strains of Staphylococcus aureus [9].
Vancomycin-resistant Staphylococcus aureus (VRSA) has
produced another strain of Staphylococcus aureus and they
have developed resistance to glycopeptide antibiotic
vancomycin [9]. Environmental factors, such as antibiotic
overuse, pollution and agricultural practices, drive resistance
trends by promoting chromosomal mutations and horizontal
gene transfer. Stressors like antibiotics and heavy metals
select for resistant strains, while gene transfer spreads
resistance across bacterial populations, accelerating the
emergence of multidrug-resistant pathogens and threatening
public health (Figure 1).

Clinical Assessments, Lab Input and Surveillance
As per WHO guidelines, healthcare professionals should
develop surveillance programs in their facilities and report
information regarding antibiotic-resistant pathogens [23].
This team development and reporting mechanism can
highlight patterns regarding the demographics, types of
infection and types of resistant bacteria.

Penicillin was the first antibiotic that was introduced at
the commercial level in 1928 [22]. The resistance of germs
against penicillin was first found in 1942 and further resistant
germs were also found in 1967 and 1976 [22]. Resistance was
also discovered for other antibiotics such as Vancomycin,
Azithromycin and Caspofungin [22]. The efforts of healthcare
professionals are directed to identifying the germs that have
developed resistance against antibiotics.
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The defense strategies of bacteria can take a variety of
forms [25]. In the first strategy, germs restrict the access of
the effective ingredients of antibiotics to the human body. For
example, Gram-negative bacteria develop an outer membrane
and protect the entry of antibiotics through this membrane
[25]. The second strategy employs methods for getting rid of
antibiotics entirely. Bacteria make use of their cell walls
where antibiotic drugs are removed through the use of pumps.
For example, Pseudomonas aeruginosa create pumps
exclusively for getting rid of antibiotics [25]. The third
strategy is highly risky and poses a high risk to the health of
the individuals. In this strategy, the antibiotics are destroyed
and changed due to which they lose their significance. This is
achieved by the enzymes and proteins of the bacteria that
destroy and alter the composition of antibiotics. For example,
Klebsiella pneumonia produces carbapenemases that destroys
the antibiotics, which is most common against beta-lactam

Figure 1: Chromosomal mutations and horizontal gene
transfer

 [25]. Bacteria also develop new cell processes that can lead
to the bypass of antibiotic-mediated destruction. The last
strategy employed by the antibiotics is affecting the targets of
the antibiotics. The drugs are developed to target specific
parts of the bacteria. If the target is affected and the drugs are
made to deviate from their site-of-effect and the antibiotics
lose their significance. For example, Escherichia coli bacteria
carry a gene known as MCR-1 [25]. This gene is used by the
bacteria to add a compound to the wall of the cell. When this
composition is developed, the drugs cannot latch into bacteria
(Figure 2).

COVID19 and Antibiotic Resistance
It was observed that 8% patients with COVID19 are reported
to be presented to concurrent bacterial infection, whereas,
72% of COVID19 patients are administered with antibiotic
[48]. Furthermore, numbers of antibiotics are studied for the
treatment of COVID19. Lack of knowledge regarding the
infection and increased intake of over-the-counter antibiotics
has also increased the exposure to antibiotics in these
patients. Antibiotic resistance surged during COVID-19 due
to increased misuse of antibiotics, prolonged hospital stays
and overwhelmed healthcare systems. Disruptions in infection
control, diagnostics and antimicrobial stewardship programs
exacerbated resistance. The pandemic highlighted the urgent
need for global surveillance, judicious antibiotic use and
strengthened healthcare policies to combat emerging
superbugs effectively (Figure 3) [48].

In community-acquired pneumonia, hospitalized
COVID19 patients given antibiotics such as amoxicillin,
clavulanate, macrolide, ceftriaxone, macrolide and
levofloxacin (Figure 4) [49]. Another study showed that
intake of antibiotics does not reduce the risk of mortality
among these patients. These data can forecast upsurge in
antibiotic resistance in the population [50]. This can also
affect the treatment of a number of serious bacterial infections
such as tuberculosis [36]. In a recent study, Mahmoudi [51]
analyzed  the  prevalence   of   bacterial   coinfection  among 

Figure 2: The mode of action bacteria to develop antibiotic resistance
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Figure 3: Graphical representation of antibiotic resistance for COVID 19

Figure 4: Commonly used Antibiotics against community acquired pneumonia

COVID19 patients. The outcomes of the study stated that
Klebsiella and methicillin-sensitive Staphylococcus aureus
were the two common species, reported in the samples
respectively. All the bacteria were sensitive to amikacin,
whereas oxacillin, erythromycin and clindamycin resistance
was the highest. Antibiotic resistance strains healthcare
systems, worsened by COVID-19’s increased antibiotic
misuse. Emerging trends include phage therapy, microbiome-
based treatments and AI-driven drug discovery. Antimicrobial
stewardship practices, such as precise diagnostics, restrictive
prescribing and public awareness, are vital to curb resistance
and ensure effective treatments in future pandemics [49].

CONCLUSION
This study made a comprehensive analysis of antibiotics
resistance and new emerging diseases. The themes covered

were phenomenon of antibiotics resistance, efforts of
healthcare professionals, new and emerging diseases and
effective response to antibiotics resistance. Antibiotic
resistance imposes a severe economic burden, costing
healthcare systems billions annually. In Europe alone, it leads
to €1.5 billion in healthcare expenses and productivity losses.
Globally, resistant infections increase hospitalization costs,
prolong treatments and necessitate expensive alternatives,
straining healthcare budgets and reducing economic
productivity significantly.

The study highlighted the critical issue of antibiotic
resistance, revealing that resistance among bacteria and other
microorganisms is a natural, evolving process that presents
significant challenges to healthcare systems. Findings
emphasized how horizontal gene transfer exacerbates
resistance,    complicating   treatment   strategies.  Moreover,
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Table 2: Required Research Gaps
Topic Current Knowledge Research Gap Potential Research Direction
Antibiotic Resistance and Global Surveillance systems like ATLAS and Limited comparative data for Expand surveillance networks in 
Surveillance [8] EARS-net track antimicrobial resistance low-income countries underserved regions and assess regional

trends globally variations
Environmental Contribution to Identified environmental factors Inadequate understanding of Longitudinal studies on antibiotic
Antimicrobial Resistance [22] contributing to the spread of resistance long-term ecological impacts persistence and microbial evolution

in the environment
Efflux Pumps in Gram-Negative Efflux pumps contribute to intrinsic Limited availability of clinical Development and clinical testing of 
Bacteria [36] resistance in pathogens like efflux pump inhibitors novel efflux pump inhibitors

Pseudomonas aeruginosa
Antibiotic Resistance Genes in Formation of resistance genes during Lack of large-scale waste Pilot studies on waste treatment 
Waste Management [45] decomposition of household waste management solutions addressing strategies to reduce resistance gene

is established resistance formation
Mechanisms of Fusidic Atomic-level insights into FusB-type Insufficient clinical data on Clinical epidemiology studies on 
Acid Resistance [46] resistance mechanisms Fusidic acid-resistant strains Fusidic acid resistance in infections
Antibiotic Resistance During Early antibiotic administration does Limited data on long-term effects Prospective studies to track 
COVID-19 [51] not impact mortality in COVID-19 of antibiotic use during the resistance patterns post-pandemic

patients pandemic

emerging trends indicate that COVID-19-related antibiotic
misuse may have amplified the resistance problem. The study
underscores the need for healthcare professionals to prioritize
preventive measures, develop surveillance systems for
resistant pathogens and promote the judicious use of
antibiotics to mitigate the growing threat of antimicrobial
resistance. Collaboration and awareness are essential for
effective intervention. Antibiotic resistance threatens
healthcare systems worldwide, driven by misuse and evolving
pathogens. Global surveillance data reveal rising resistance
rates, with multidrug-resistant infections surging. Emerging
trends include rapid molecular diagnostics, AI-driven
monitoring and novel antibiotics. Strengthened global
cooperation, antimicrobial stewardship and innovative
treatments are crucial to curbing this escalating crisis [16].

The study found that the process of developing resistance
among germs is a natural and evolving process. When the
germs, bacteria and fungi develop resistance, they also
transmit this resistance to other bacteria. Research in
antibiotics resistance is focused on two aspects. In the first
aspect, researchers find out those bacteria that have become
resistant. Some bacteria develop resistance to some
antibiotics, in which case, the patients may be treated with
other antibiotics. However, the study also found some
bacteria that develop resistance against all antibiotics (Table
2).

This creates a complex situation for the healthcare
professionals and they are compelled to create new antibiotics
to kill those germs and bacteria. However, through a natural
and evolutionary process, bacteria also develop resistance
against new antibiotics. Limitations in addressing antibiotic
resistance include insufficient global surveillance, limited
novel antibiotic development and inadequate public
awareness. Future studies should focus on enhanced
monitoring systems, innovative antimicrobial therapies and
robust stewardship programs. Strengthening policies,
promoting alternative treatments and integrating AI-driven

drug discovery can further mitigate resistance challenges
effectively. Healthcare community has acknowledged this
complexity and the focus is now on preventive measures
because these measures not only prevent the infection but also
reduce the spread of infection. Despite all these efforts, the
healthcare professionals should be prepared for unforeseen
circumstance as was observed in the case of coronavirus
pandemic. When the knowledge about new resistant bacteria
will be known timely and promptly in the public domain, the
preventive measures can be implemented more effectively.
Antibiotic resistance poses a severe threat to global
healthcare, demanding urgent policy reforms and public
health interventions. Strengthening regulations on antibiotic
use, enhancing surveillance and promoting antimicrobial
stewardship are crucial. Public awareness and research on
alternative treatments must be prioritized to prevent a crisis
that could render infections untreatable.

Self-medication has also contributed to the criticality of
the issue. When antibiotics are taken in excessive quantity
without prescription, bacterial resistance develops. Bacteria
are trained to the attacks of the antibiotics and employ
different defense strategies. Doctors and physicians also
contribute to it by prescribing antibiotics where the cure was
possible without them. The optimized use of antibiotics can
also reduce the development of resistance in germs. The
intake of drugs will also be more effective when they are
taken only at the time of an acute need. Even if the resistance
is not developed in germs, the excessive use of the same drug
loses its effectiveness and the physician either increases the
dose or changes the drug. Antibiotic resistance poses a
significant threat to healthcare systems, yet there is a lack of
focus on training healthcare professionals adequately.
Integrating findings on resistance into educational curricula
is crucial to equip future practitioners with effective
prevention and treatment strategies. Therefore, the care
receivers also have a role in contributing to the optimized use
of  antibiotics  and  reducing  the  development   of  resistant
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germs and bacteria. Pharmacies should also support this
objective and provide medicines to the customers only on
prescription. When the drugs are provided over the counter,
the individuals are tempted to self-medication. Antibiotics
resistance is a phenomenon that has highlighted the
significance of joint efforts and collective wisdom. The
resistance in bacteria may be caused by any individual.
However, the negligence will have a cascading effect and it
will also impact the lives of others. The health community
should collaborate at a global level to address this issue. To
combat antibiotic resistance, healthcare systems must enhance
stewardship programs, promote rapid diagnostics and regulate
antibiotic use. Public awareness campaigns, investment in
novel antibiotics and global collaboration are crucial.
Strengthening infection control, improving vaccination
coverage and encouraging research on alternative therapies
will help mitigate resistance and ensure sustainable healthcare
solutions.

Future recommendations for combating antibiotic
resistance should emphasize methodological improvements,
including advanced genomic surveillance, AI-driven
resistance prediction and standardized global reporting
systems. Interdisciplinary collaboration between
microbiology, public health and policy research is crucial.
Strengthening antimicrobial stewardship, integrating
microbiome research and promoting innovative drug
discovery must be prioritized. Policymakers should enforce
stricter regulations on antibiotic use, while public health
initiatives should enhance awareness and vaccination
programs. A holistic “One Health” approach, bridging
human, animal and environmental health, is essential for
sustainable solutions.
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