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Purpose: The study explores the role of Nanotechnology, regarding antimicrobial treatment and
coatings in combating AMR. The problem is compounded by the declining efficacy of
conventional antibiotics because pathogens are increasingly developing immunity to antibacterial
drugs. In this study, we assess the effectiveness of some nanotechnology-powered solutions and
review public sentiment surrounding their incorporation into healthcare.

Objective: We aimed to review the performance of nanoparticles for antimicrobial
nanotechnology applications, highlight public views on healthcare uses of nanoparticulate-based
delivery systems and outline some key scientific, social and ethical challenges together with
opportunities presented by these innovations in combating AMR.

Methodology: The study was a cross-sectional survey conducted on 210 respondents of different
professions and educational levels. Statistical analysis the study used several statistical tests to
identify apparent factors that influence public support for nanotechnology, including the Chi-
Square Test of Independence, ANOVA Analysis and Correlation Analysis in addition to Logistic
Regression as well as Factorial Mapping. During the laboratory phase, antimicrobial coatings of
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silver nanoparticles, copper oxide and titanium dioxide nanoparticles TiO2-NP were manufactured
on diverse types of surfaces. Graphical representations, including bar graphs and error bars, were
used extensively to illustrate the statistical results and provide visual clarity. Results: The Chi-
Square Test of Independence indicated no significant association between professional background
and support for nanotechnology (3> = 16.071, df =20, p =0.712). ANOVA revealed a significant
difference in the perceived effectiveness of nanotechnology across education levels (F (2.867) =
2.867, p =0.024). Correlation Analysis demonstrated a very weak and non-significant relationship
between the perceived criticality of AMR and the perceived effectiveness of nanotechnology (r =
0.058, p = 0.400). Logistic Regression showed that awareness of nanotechnology, education level,
and familiarity with AMR did not significantly predict support for nanotechnology (p > 0.05).
Factor Analysis identified two significant underlying factors (eigenvalues: 2.34 and 1.87) related
to public concerns about nanotechnology, though further interpretation is required. Laboratory
results showed that coatings containing silver nanoparticles reduced bacterial growth by over 99%
after 24 hours. Graphical representations, including bar graphs with reference lines and error bars,
effectively highlighted these statistical findings, providing clear visual support for the data.
Practical Implications: These results show that whilst public support for nanotechnology does
not vary substantially by gender, education or field of profession further targeted educational
efforts could potentially improve overall understanding and acceptance, particularly in the context
of AMR. Such coatings could help reduce dependence on a library of canonical antibiotics and
curb the advancement of AMR.

Novelty: This study is the first of its kind in examining public opinion combined with laboratory
testing of antimicrobial nanocoating, addressing both societal and technological dimensions of
nanotechnology in healthcare. The combination of statistical and graphical analysis received here
has been adding value to the findings, alluding to them as stronger evidence for a proposition in
current policymaking as well as future research.

Conclusion: The coatings based on nanotechnology as antimicrobial agents exhibit significant
potential in inhibiting bacterial causes of infections and serve the need to prevent AMR. But more
needs to be done about the human factors related to challenges of safety, public perception and
clinical translation. Formulation optimization, biocompatibility and clinical trials of large samples
should be the research focus in future. Multidisciplinary collaboration, upfront public engagement
and cross-cutting nanotechnology strategies are important for effective integration of the field into
global healthcare practices.

KEYWORDS: Antimicrobial Resistance, Nanotechnology, Antimicrobial Coatings, Public
Perception, Nanoparticles, Healthcare Innovation, Antibiotic Resistance, Biocompatibility,
Clinical Application, Public Health.

INTRODUCTION:

Antimicrobial resistance (AMR) has emerged as a real global health crisis of the twenty-first
century, causing much concern among healthcare practitioners researchers and policymakers
around the globe. The World Health Organization (WHQO) has been warning of a post-
antibiotic era where common infections that were once easily cured would kill again. This is
not some wild speculation but a rather probable future as more and more pathogens are
evolving into resistant forms at an alarming pace rendering many of the current antibiotics
increasingly less effective. Efforts at controlling bacterial infections using the traditional
method of new antibiotic discovery have been hampered by two major factors; a rapidly
increasing rate of bacteria acquiring resistance and the slow, expensive process of drug
development. Rising antibacterial resistance and the inability to handle bacterial infections
have made it imperative for scientists to find new manipulative measures, thus opening a
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gateway in searching for alternative strategies with nanotechnology emerging as one such
bright field (Sarma, Rai, & Baruah, 2024).

Nanotechnology, especially in the guise of antimicrobial coatings, is an innovative
field for combating AMR. Developed at the nanoscale these coatings offer an ultimate
protection solution as they work proactively in inhibiting bacterial adhesion and colonization
on different surfaces such as medical devices, hospital equipment & public areas. These
coatings differ from traditional antimicrobial agents insofar as they only act on the pathogen
by contact and are not used reactively after infection has occurred. These nanoparticles are
combined with materials that can interfere in specific ways to undermine microbial outer
membranes, catalyze the formation of reactive oxygen species, or control the release of
antibiotics all aiming at preventing infection upfront and thus protecting against the usage if
additional antibiotics (Vodnik, Stamenovié, & Vukoje, 2024).

Nanotechnology, the deliberate manipulation of matter at the nanoscale, which is
from 1 to perhaps about 100 nm has inherent properties that give it several distinctive
advantages for combatting AMR. At the nanoscale, materials possess unique properties
compared to their bulk counterparts that allow for designing multifunctional structures with
improved physical, chemical and biological features. These materials range in size from 1-
100 nanometers and are referred to as nanoparticles, which have been explored for
applications covering multiple aspects of medicine including drug delivery, diagnostic tools,
and antimicrobials. In recent years, nanotechnology-based approaches for the development of
new-generation antimicrobial agents have been explored to reduce drug resistance
mechanisms which hinder conventional antibiotics. For instance, nanoparticles may be better
able to cross the bacterial cell wall and successfully transport drugs right where they are
needed or disrupt biofilms that bacteria form a common defense tactic that keeps infections
entrenched in human tissues. The variables that can be controlled in the design of
nanoparticles against varied bacterial genera range as especially attractive characteristics to
revolutionize these materials for next-gen AMR (Jit et al., 2024).

Although there is immense potential for nanotechnology as a solution to AMR, the
field faces multiple challenges that need consideration before these applications become an
operational reality. What is concerning about nanomaterials? Although nanoparticles are
highly effective in current laboratory settings, their behaviour within a living biological
system is still an enigma. This and other examples of nanoparticles accumulating in the body
or behaving unpredictably around biological tissues may hinder their long-term safety, by
creating scenarios where particles could escape from functionalized platforms on particle
surfaces, enabling them to traverse bio-matrices. lavicoli et al. highlights the necessity of
further investigations to evaluate the long-term effects of nanoparticle exposure, enabled by
overt permanence in both environmental and biological compartments. The lack of
understanding of the potential risk associated with nanomaterials has motivated demands for
more robust testing and new regulatory structures to ensure that advances in nanotechnology
do not occur at the expense of human health or environmental safety (Mwangi et al., 2024).

This is not only due to safety issues but also because large-scale clinical trials are
urgently required to confirm the efficacy of these nanotechnology-based antimicrobials in
authentic conditions. A very large number of in vitro and in vivo studies show that
nanoparticles can kill bacteria and inhibit biofilm formation, however, the process must be
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best through a lot of small steps. Due to the intricate human biology factors, as well as the
alginate interaction variability of infection-causing bacteria strain strains, it is challenging to
predict exactly how nanoparticles will act in a person. For example, the immune system could
destroy nanoparticles while they are on their way to the target, or nanoparticles may interact
with other components within a body in unpredictable ways. The lack of clinical data
concerning the efficacy and safety profile of nanoparticles in human patients is a major void
that needs to be addressed. This void prevents healthcare professionals from making wise
decisions about the use of nanotechnology in treatment regimens and highlights that research
to connect benchwork with bedside application is still needed (Barman et al., 2024).

Another important issue for further clarification is the mechanisms through which
nanoparticles exhibit antimicrobial properties. Despite comprehensive evidence that
nanoparticles have the potential to harm bacterial cell membranes, produce reactive oxygen
species, and detrimentally interfere with vital biological functions, specific molecular
interactions between bacteria and bactericidal metal-based nanomaterials are not completely
elucidated. In conclusion, authors such as Lee et al. but more comprehensive analyses will be
necessary to understand these processes in detail, which is vital for tailoring nanoparticle
design and functionality based on their modes of action. A better understanding of these
interplays may also open new avenues for combatting bacterial resistance, including dual
therapeutic approaches that enhance the antimicrobial activity of nanoparticles whilst
reducing side effects (N. Sharma, Kouser, & Gupta, 2024).

These concerns extend beyond the scientific and technical challenges associated with
the development of nanotechnologies to social issues as well, creating feasibility that will be
addressed at several levels during clinical translation. How the public understands
nanotechnology will be crucial in enabling its uptake as a medical intervention. Studies by
Cobb et al. of the numerous surveys conducted by organizations such as CSIRO have shown
that while there is widespread agreement on both the benefits of nanotechnology and how
essential it may be to our economic future, those surveyed also frequently express concern
about its safety in general but particularly because no one knows for certain what impact these
new materials will have if ingested. Such concerns are often fueled by inadequate
communication from the scientific and policy communities about nanoscale risks and benefits.
This linguistic barrier could erode public faith, which would discourage potential users of
nanotech medicines. Comprehensive public engagement and educational efforts to inform the
public of nanotechnology's true risks and benefits are needed. These efforts might include
public forums, communications campaigns and partnerships with community leaders to
spread accurate information and build trust around these new technologies (Y. Li et al., 2024).

Ethical considerations further include the matter of availability, i.e. access to
nanotechnology-based treatments. This would create only selective access for rich individuals
and countries, as pointed out by Allhoff et al. since the market tends to be defined more
through price than need. The technicalities involved in producing nanoparticles can add to
their expense, limiting access for those who may need them most. As we work to bridge these
gaps in health disparities, policymakers and researchers must come together to create solutions
to ensure that nanotechnology-based therapies are inexpensive and available for all. Possible
strategies can include government subsidies, public-private partnerships or even programs to
incentivize the production of low-cost nanomaterials. The equitable availability of
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nanotechnology is not just a question of equity and has a critical role in optimizing global
public health returns from this technology (Mukherjee, Chang, Pandey, & Hameed, 2024).

This interdisciplinary aspect of nanotechnology also further underscores the
importance of teamwork across a range of expertise. Multidisciplinary Nanotechnology is a
field that spans many disciplines, including materials science, microbiology, chemistry and
chemical engineering. Drexler et al. have called for greater integration among these fields to
better address the societal and economic implications of emerging nanotechnology solutions.
The multidisciplinary of this field can speed up the process and make it more efficient in
achieving the main goal -helping to avoid AMR. It also encourages partnerships and resource
or knowledge sharing to solve problems more innovatively and effectively (loannou, Baliou,
& Samonis, 2024).

This paper will attempt to cover the challenges and opportunities of using
nanotechnology for combating AMR. The objectives of the research are to synthesise, analyse
and evaluate now available properties methodologies based on nanotechnology antimicrobial
agents. Assessing existing scientific circumstances concerning potential applicability for these
types of technology Identifying gaps in our research base Identification methods strategies by
which it might be possible to overcome those challenges related to social controversies and
ethical nature. The current research work has been developed based on the adopted
methodology of a systematic review comprising an exhaustive evaluation of previous
literature, most specifically concentrating on studies that have inquired about effectiveness,
safety as well as public acceptance related to nano- technology within healthcare. The paper
is divided into sub-segments including an in-depth review of the potential of nanotechnology
to tackle AMR and the challenges that need to be overcome for the utilization of such
opportunities (Chauhan & Singh, 2024).

Overall, nanotechnology offers substantial hope that it will be able to control the
rising AMR menace; nevertheless, certain hurdles must be passed prior this technology can
be acceptable within conventional health care. This process will address how to make
nanomaterials safe and effective for use, bridging the transition from bench-top research in a
laboratory to clinical trials, and improving equitable access to nano-dividends.
Interdisciplinary collaborations, as well as public outreach and high-quality research in
cooperation with all stakeholder groups, will be key tools for the scientific community to make
sure nanotechnology has a place in combatting antimicrobial resistance at large. In the context
of this effort, we present a review on nanotechnology for health today together with some
hints about what is to come making our contribution in further articulating where things stand
now and may be headed (Bharti, 2024).

LITERATURE REVIEW:

In the last decade, nanotechnology to deal with the antimicrobial and full-controlled release
of active agents resistant (AMR) has been paying much attention since it is necessary as a
global health concern having a dramatic elevation in drug-resistant pathogens. The WHO has
warned that antibiotic resistance is a major threat to global health and could lead us into an
era where people are dying from common infections. Historical approaches to AMR and the
development of new antibiotics have amongst several issues faced rapid emergence of
resistance and technological immaturity. This leads to an inevitable demand for advanced
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solutions, and nanotechnology has been hailed as one of the most promising substitutes
(Pushpalatha et al., 2024).

The usage of nanotechnology in antimicrobial agents can lead us to such properties
because manipulation of materials on the nanoscale platform is one of its most critical
abilities. Duncan and Banaji have documented such differences. Have shown the promise of
using nanoparticles to avoid resistance mechanisms that prevent conventional antibiotics from
working properly. It can be synthesized to get through the cell walls of bacteria far more easily
and deliver drugs directly where they occur, and it has even been used in one case to disrupt
biofilms, something conventional treatments struggle with. The versatility of nanomaterials,
which can be engineered to possess targeted chemical, physical and biological properties
brings unique opportunities like highly functional antimicrobials that could change the
infection treatment landscape (El-Aziz, El Sheikh, Galal, & Refky, 2024).

Nanotechnology-based antimicrobial coatings are effective in inhibiting bacteria
adhesion and biofilm formation on different surfaces in various recent studies. By using the
high surface area and reactivity of nanoparticles, these coatings provide strong antimicrobial
activity. A widely studied example is silver nanoparticles, which are known to break the
bacterial cell wall and interfere with cellular machinery. Furthermore, coatings containing
titanium dioxide nanoparticles have the potential in light-induced photocatalysis to generate
reactive oxygen species and thereby the oxidative killing of bacteria. Experimental data also
underscore the use of multi-functional coatings where various nanoparticles are combined to
target a variety of pathogens, as this approach may lessen the likelihood of resistance
development (Gattu, Ramesh, & Ramesh, 2024).

While nanotechnology offers substantial promise in containing AMR, there are
several gaps and challenges. However, despite the extensive exploitation of nanotechnologies
and products containing ENMs, concerns about safety and toxicity resulting from human
exposure to these man-made particles are one important issue highlighted by many researchers
as well as a significant portion of the public. lavicoli et al. have even called for extensive
research that investigates the long-term impacts of nanoparticle exposure, in light of both
environmental and biological slow-accumulating behavior. Many nanomaterials are fairly
nontoxic and biocompatible in short-term studies, but the ramifications of using these
materials are still largely unknown. The remaining uncertainties have spawned calls for tighter
testing and regulation to make sure the benefits of nanotechnology are not swallowed by new
health and environmental risks. Furthermore, nanoparticles with their capability to penetrate
physiological barriers e.g. blood-brain barrier etc. may result in potential toxicity on
vulnerable tissues or organs (Patil, 2024).

A second major shortcoming is the absence of large clinical trials to provide evidence
for the effectiveness of any nanotechnology-based antimicrobial agents in a real-world type
of use. Numerous in vitro and partly also in vivo studies demonstrated that the bacteria-killing
efficiency of nanoparticles is promising, but their indirect application to human patients seems
premature due to low numbers of clinical data. This contributes partly to a gap in the
translation of laboratory results into clinical practice. This could include nanoparticles being
recognized and destroyed by the immune system before reaching their target, or they might
unexpectedly interact with other molecules. Additional scientific research is required to
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translate these laboratory studies into clinical use and help in the safe treatment of infections
with nano technology (A. Sharma et al., 2024).

Furthermore, the mechanism through which nanoparticles destroy microorganisms
needs further research. Although the antibacterial effect of nanoparticles is related to their
ability to disrupt bacteria cell membranes, produce Reactive Oxygen Species (ROS) and
interfere with essential biological functions in general, such as energy production or gene
expression; However, it remains unclear which exact mechanisms are strong behind them.
Authors such as Lee et al. called for a deeper investigation of the specifics of how
nanoparticles interact with bacterial cells. Sequentially, researchers have suggested in detail
to describe molecular interactions between the NPs and bacteria. ldentifying these
mechanisms could be of critical importance for tuning nanoparticle design to have desired
biocompatibilities while exerting the intended effects upon medical applications.
Furthermore, this information can potentially catalyze the designing of novel approaches to
overcoming resistant infections indicated by combining effects in combatting resistance or
strengthening antimicrobial actions of nanoparticles when used in combination therapy
(Gopikrishnan & Haryini, 2024).

Alongside the scientific challenges, several social and ethical issues identified in
literature emerge as important factors that need to be considered for the wider adoption of
nanotechnology within clinics. How nanotechnology is perceived by the public could play a
crucial role in its acceptance and deployment within health care. For example, studies like
what Cobb et al. did in this context, studies showing strong public recognition of the possible
advantages together with high-level concerns about safety the ambiguity and unknown long-
term effects related to nanoparticles can be cited. And these fears are heightened by poor or
non-existent communication from both scientists and their public decision-makers. As a
result, public engagement and education are key to making sure the real, tangible risks
associated with nanotechnology are understood by the wider population who above all would
be integral in building trust and enabling the adoption of such technology within healthcare
(Gomez et al., 2024).

Still, another ethical issue is how to prevent inequities in the provision of treatments
using nanotechnology. Allhoff et al. suggest that the expense associated with developing and
manufacturing nanomaterials may limit their access, even reinforcing health-care disparities.
This challenge needs to be addressed and is an area where policy makers and academics can
work with each other to devise some strategies on how nanotechnology-based therapeutics
could become accessible & available for one & all. To make technology global and health-
related, it is of paramount importance to ensure equal access for all. The review highlights the
need for interdisciplinary research for the development of nanotechnology strategies against
AMR. Nanotechnology is a multidisciplinary field encompassing materials science,
microbiology, chemistry and medicine. Drexler et al. have highlighted collaborative efforts
between these fields to navigate the manyfold issues and obstacles of nano-scaled strategies
in technology. Integration between different disciplines will lead to faster and more effective
means for combating AMR using nanotechnology as a science (Agarwalla, Singh, Ibrahim,
Noothalapati, & Duraiswamy, 2024).

The research in smart nanomaterials is an ongoing frontier effort to combat AMR.
For instance, such a targeted delivery system that could diminish off-target effects are pH-
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sensitive nanoparticles which release their antimicrobial payload only in the acidic
environment of an infection site. Light- or magnetic-field responsive nanomaterials with
spatiotemporal controllability for drug release likewise offer the possibility of precisely tuning
when and where drugs are delivered in situ. Such work is ultimately expected to set the stage
for so-called personalized medicine, where treatments are focused on individual patients and
their circumstances. Another target of interest is the use of nano- antibiotics to boost
traditional antibiotics. For example, Choi et al. have conducted several investigations
regarding one demonstrating substantial follow-up bias on procedure utilization and outcome
which significantly impacted the results of program effect at 3 months. have turned to
nanoparticles as a way of enhancing the penetration, distribution and effectiveness of what in
their raw forms are obsolete antibiotics against resistant strains. Such an approach could in
low-resource settings, prolong the life of these lifesaving medicines by augmenting existing
antibiotic classes (Kumbhar et al., 2024).

Despite progress in these areas, there are still significant hurdles. Safeguarding the
safety and efficacy of nanomaterials, addressing public concerns, and promoting
interdisciplinary work are needed to advance these new technologies. Further studies should
be conducted to reconcile the findings of laboratory research with clinical practice and provide
sufficient proof that nanotechnology can bring benefits in real-world scenarios. In summary,
a considerable body of literature already exists on the topic of nanotechnology and AMR,
which provides valuable knowledge about what one might expect in return for conceivable
risks associated with this novel domain. Yet, critical gaps remain, especially regarding safety
and clinical efficacy as well as public perception. These gaps need to be addressed and new
research areas should be investigated so that nanotechnology can centrally contribute to this
global challenge of antimicrobial resistance. Informed education, open public communication
and interdisciplinary collaborations will be important for optimizing the benefits of such
technologies in healthcare to make health care globally effective through a responsible
utilization approach (Sahm, da Costa Valente, & dos Reis, 2024).

METHODOLOGY:

This study utilized a research methodology that was intended to provide an in-depth
understanding of factors relating to and affecting the level of public support for
nanotechnology as part of addressing antimicrobial resistance (AMR). Figure 1 shows the
research framework as per the Onion Model. The research framework is based on an onion
model which depicts layer by layer from philosophy to data collection and analysis. The
methodology was also designed, in a sense replicate the study to make conclusive results as
well as develop an approach for giving rigorous and accurate results to determine what public
opinion nano had. The research philosophy that was adopted by the study is positivist, which
typically uses objective measurements and tests hypotheses based on empirical data (Luo,
Huang, Zhang, Yu, & Sun, 2024).

This framework is based on the belief that reality can be measured and quantified,
and scientific methods are used to discover facts about the world. Following our
epistemological standpoint, the research adopted a deductive strategy, which entails
formulating hypotheses through existing theories and literature for examination with
guantitative methods. The deductive qualitative analysis approach also enabled us to test the

Nanotechnology Perceptions 20 No. 5 (2024)



Combating Antimicrobial Resistance With.... Aliu Olalekan Olatunji et al. 742

correlation between certain variables, such as professional background, Education Level,
Awareness of Nanotechnology and Willingness Support integrating nanotechnology into
healthcare using statistical tests (Kalajahi, Misra, & Koerdt, 2024).

It was descriptive and explanatory in design, aimed at both describing current public
attitudes toward nanotechnology and explaining these attitudes through the identification of
factors influencing them. Primary data were collected from individuals using a cross-sectional
survey at one point in time. This design was chosen to provide a snapshot of what the public
thinks at present, which is essential for understanding near-term barriers and opportunities in
promoting nanotechnology as an AMR solution. The target population in this study was adults
able to comprehend health-related information, particularly those about antibiotic resistance.
The sample was selected from a broad demographic spectrum to allow the generalization of
results to the broader population. Participants were recruited using a stratified random
sampling technique, in which strata based on key demographic attributes such as age, gender
and level of education or profession served as the basis for recruitment. This design was
implemented to ensure that the sample is representative of these population groups and
therefore valid comparisons could be made (He et al., 2024).

A sample size of 210 was selected after the power analysis and satisfying conditions
for applied statistical tests. The sample size of 210 was calculated as the minimum required
to detect an adequate power or medium-to-large effect size with a confidence level of 95%.
Summary of the demographic profile of our sample which reflects a broad age range from less
than 25 to over 55 years old. The balanced sex distribution was slightly skewed, with more
male than female participants. The level of education from high school to doctoral, yet above-
average are those with bachelor's or masters. Equally diverse were their experiences as
professionals in healthcare, and the biotech industry including pharmaceutical and broad
cadres of academic research (Singh, Richu, & Kumar, 2024).

Data were collected through a structured questionnaire that was made available in
print and online for broad distribution. The questionnaire was structured to request
demographic information and collect the attitudes of respondents towards nanotechnology as
well as AMR. The questions were derived from a literature review and were tested for
reliability or validity in pilot testing. The pilot study included 30 participants and was used to
clarify the questions in order not to contain ambiguities or bias. The final version of the
guestionnaire contained both closed-ended and open-ended questions to collect quantitative
data as well as qualitative feedback. The analyses of the data from this survey used a variety
of statistical methods selected to answer different research questions and hypotheses. The
principal tests of statistical inference applied in the study were the chi-square test or
independence, ANOVA, correlation analysis binary logistic regression incidences and a factor
analysis. These tests were chosen to investigate whether and which demographic variables
relate significantly with support for nanotechnology and limit potential influence mechanisms
(S. Sharma, Das, & Chandra, 2024).

The study approach addresses the evaluation of a range of nanotechnology-enhanced
antimicrobial coatings under laboratory conditions. For example, creating coatings using
silver, copper oxide and titanium dioxide nanoparticles has been studied through synthesis to
characterization. The researchers tested coatings on a variety of surfaces that are widely
utilized in healthcare settings, such as glass, plastic and stainless steel. Standard
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microbiological techniques including counting of colony forming units (CFU) were used to
determine the rate at which strains grew in tests and control environments scored against time,
assessing antimicrobial effect. The coatings were also subjected to in-use testing under
conditions of real-life use and abuse including exposure to moisture, temperature cycling over
wide ranges as well repeated cleaning cycles (Hameed, Sharif, Ovais, & Xiong, 2024).

We used the Chi-Square Test of Independence to assess associations between
categorical variables e.g., professional background and nanotechnology support. This was an
acceptable test to determine whether there is more of an association between these variables
than what would be by chance. Comparison of perceived effectiveness: ANOVA was used to
examine differences in the means among education levels regarding Nanotechnology. We
used this test because comparing means between them echoed a deeper understanding of how
education affects perceptions of nanotechnology in society. We used Correlation Analysis to
measure whether or not the perceived effectiveness of nanotechnology was associated with
how critical IRBPM were thought to be. This approach was chosen because it allows for an
assessment of what changes in one variable have to do with changes in another, which is
essential when studying the interplay between perceived urgency and perceived efficacy.
Logistic regression was used to predict whether AMR, education experience or awareness of
nanotechnology determined the likelihood that an individual would support integration on
each scale. This approach was adopted as this can help in predicting the binary outcome of
support and using mixed continuous predictors along with categorical (Mohammad & Ahmad,
2024).

We first conducted a Factor Analysis to identify the latent factors on which specific
concerns about nanotechnology cluster. This technique was applied to reduce the
dimensionality of public attitudes data to extract related variables into several clusters
interpreted as underlying factors affecting those perspectives. The results of the factor analysis
shed light on what respondents perceived to be the most important safety, ethical and
environmental dimensions. Care was taken in the processing of spatial data to reduce errors
and improve the reliability of findings. Analysis was carried out using statistical software,
such as SPSS and R. All tests have been tested for assumptions namely normality or
homogeneity of variance to assure the reliability of results. Tables and figures were used to
display the results, rendering them an easy-to-read and succinct summary of key findings
(Sarwan et al., 2024).

In summary, the research methodology employed in this study was rigorous and
thorough so that factors driving public support for nanotechnology against AMR could be
well understood. A cross-sectional survey with stratified random sampling targeted a wide
range of subjects, which meant the results were not only reflective but also generalizable. The
detailed examination of the data was carried out using multiple statistical techniques,
highlighting key findings on demographic variables to people's views on nanotechnology. The
research onion model allowed for a systematic process to be conducted and provided
transparency throughout which in turn increases the replicability of our study. This exhaustive
methodology will be valuable for guiding future research and the development of strategies
to enhance public acceptance towards nanotechnology in healthcare (Akay & Yaghmur,
2024).
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RESULTS:

The appraisal stated in this section gives a comprehensive review of the hypothesis tests
carried out concerning associations and determinants for support of nanotechnology
combating AMR. Results are grouped and analyzed with a variety of statistical techniques,
each tailored to look at various facets of the collected information. Results Tables and figures
Unlike a narrative review, all these results are presented using tables and figures thus making
the representation of statistical conclusions more understandable. We initially used a Chi-
Square Test of Independence to determine whether the relationship between occupations and
their support for integrating global nanotechnology is significant. The chi-square test is
majorly used in detecting whether the distribution of categorical variables deviates from what
would be expected by chance (Akay & Yaghmur, 2024).

For this example, the Chi-Square statistic value was 16.071 with the degree of 20 The
p-value for this was 0.712. This p-value is significantly higher than the 0.05 conventional
significance level, so we can conclude that there's no statistically significant association
between the professional background of respondents and their support attitude towards
nanotechnology In Fig 1, a bar graph shows the Chi-Square value of the bootstrap resampling
calculated and plotted against a reference line indicating p-value to be below or above at 0.05.
The height of the bar, which itself represents the value of Chi-Square, should make it easy to
see that no significant relationship is present. The p-value's large magnitude relative to the
threshold value indicates that there are no or negligible meaningful effects of professional
background on support for nanotechnology, and thus this last variable has only marginal
impacts between the different professional categories (Shineh et al., 2024).

Test Degrees of
Test Name Metrics Freedom p-value | Interpretation
Value (d

No significant
association between

Chi-Square Chi- professional

Test of Square 16.071 20 0712 backgrmfmd and

Independence | Value support tor
nanotechnology
integration (p >
0.05).

Table 1: Summary of Chi-Square Test results, showing no significant association between
professional background and support for nanotechnology.
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Chi-Square Test: Professional Background vs. Support for Nanotechnology
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Chi-Square Value

Figure 1: Bar graph illustrating the Chi-Square value and its non-significance in the
association between professional background and support for nanotechnology.

Following the Chi-Square analysis, we employed an ANOVA (Analysis of Variance) to
assess whether the perceived effectiveness of nanotechnology in combating AMR varied
significantly across different education levels. ANOVA is an essential tool for comparing the
means across multiple groups to determine if at least one group’s mean is different from the
others. The ANOVA results presented in Table 2 reveal an F-value of 2.867, with the mean
squares between groups calculated at 7.342 and within groups at 2.559. The p-value associated
with this F-value is 0.024, which is below the 0.05 significance threshold, indicating a
statistically significant difference in perceptions based on education level (Matias,
Damasceno, Pereira, Passos, & Morais, 2024).

The bar graph in Figure 2 effectively illustrates this significant difference, with the F-
value displayed alongside a reference line at p = 0.05. The visual representation emphasizes
that the variation in perceived effectiveness is indeed significant, suggesting that individuals
with different educational backgrounds may hold differing views on the efficacy of
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nanotechnology. This could reflect the varying levels of exposure to scientific concepts and
the understanding of nanotechnology’s potential among individuals with different educational

attainments (Jayachandran, 2024).

Mean Mean
Test . Squares Squares .
Name Metrics F-value (Between | (Within p-value | Interpretation
Groups) Groups)
F-value, A sien 1ﬁcapt
Mean difference in the
ANOVA perceived
(Analysis Squares effectiveness of
(Between | 2.867 7.342 2.559 0.024
of nanotechnology
. Groups, .
Variance) L across different
Within .
Groups) education levels
p (p < 0.05).

Table 2: ANOVA results highlighting significant differences in perceived nanotechnology
effectiveness based on education levels.

ANOVA: Effectiveness of Nanotechnology across Education Levels
287

3.0
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Figure 2: Bar graph showing the significant F-value from the ANOVA, indicating differences
in perceived nanotechnology effectiveness across education levels.

To further investigate the data, a Correlation Analysis was conducted to explore the
relationship between the perceived criticality of AMR and the perceived effectiveness of
nanotechnology. Correlation analysis measures the strength and direction of the relationship
between two continuous variables, providing insight into whether an increase in one variable
is associated with an increase or decrease in another. The results, detailed in Table 3, show a
correlation coefficient of 0.058, with a sample size of 210. The p-value for this correlation is
0.400, indicating that the relationship is not statistically significant. This weak correlation
suggests that there is little to no linear relationship between how critical respondents perceive
AMR and their beliefs regarding the effectiveness of nanotechnology. Figure 3 visually
represents these findings, with the bar graph highlighting the correlation coefficient against a
reference line at p = 0.05. The minimal height of the bar, combined with the high p-value,
underscores the lack of a meaningful relationship between these variables. This suggests that
regardless of how urgent or critical respondents consider AMR to be, this perception does not
significantly influence their views on nanotechnology’s effectiveness (Aratboni, Olvera, &
Ayala, 2024).

Correlation | Sample

Lissl Nz A Coefficient Size (n)

p-value Interpretation

Very weak and
non-significant
correlation

. between the
Correlation Correla‘Flon perceived

. Coefficient, | 0.058 210 0.400 L
Analysis n criticality of
AMR and the

effectiveness of
nanotechnology
(p > 0.05).

Table 3: Correlation Analysis results showing a weak, non-significant relationship between
AMR criticality and nanotechnology effectiveness.
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Correlation Analysis: Criticality of AMR vs. Effectiveness of Nanotechnology

0.06 0.06

0.04

sent

0.03

efation Coeffic

0.02

0.01

0.00

Y
W

&
g
C
L

<&
o
-

Figure 3: Bar graph depicting the weak and non-significant correlation between the perceived
criticality of AMR and nanotechnology effectiveness.

Logistic Regression analysis was then used to predict support for nanotechnology
integration based on three key predictors: awareness of nanotechnology in AMR, education
level, and familiarity with AMR. Logistic regression is a predictive analysis used to explain
the relationship between one dependent binary variable and one or more independent
variables. In this study, the coefficients for Awareness, Education, and Familiarity were -
0.156, 0.111, and -0.013, respectively, as presented in Table 4. The standard errors associated
with these coefficients were 0.183, 0.102, and 0.131, with corresponding z-values of -0.853,
1.087, and -0.103 (Srivastava, Padmakumar, Patra, Mudigunda, & Rengan, 2024).

The minimum p-value among these predictors was 0.394, indicating that none of the
predictors were statistically significant. Figure 4 visually presents these findings, with a bar
graph showing the coefficients for each predictor along with error bars that represent the
standard errors. The graph highlights the small magnitude of the coefficients and the non-
significant nature of these predictors, suggesting that awareness, education, and familiarity
with AMR do not have a substantial impact on the likelihood of respondents supporting
nanotechnology integration. This lack of significance across all predictors points to the
possibility that other unmeasured factors may be influencing support for nanotechnology,
which could be explored in future research (Taha et al., 2024).
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Coefficie | Standard z-values
nts Errors T
(Awarene | (Awarene
Test Metrics 58, 58, ;Es(,lucatio ?I;Iiz:llil::m IHGHRIT E
Name Educatio | Educatio ion
n, n, n oy
Familiari | Familiari f*;m‘l‘a“
ty) ty) ¥
Predictor None of the
Logistic | Coefficients | [-0.156, [0.183, [-0.853, predictors
Regressi | , Standard 0.111, - 0.102, 1.087, - 0.394 are
on Error, z- 0.013] 0.131] 0.103] significant
value (p>0.05).

Table 4: Logistic Regression results indicating non-significant predictors for support for
nanotechnology integration.

Logistic Regression: Coefficients and Standard Errors
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Figure 4: Bar graph with error bars representing the coefficients and standard errors from the
Logistic Regression analysis, showing non-significant predictors.
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Finally, we conducted a Factor Analysis to identify any underlying factors among
respondents’ concerns regarding nanotechnology. Factor analysis is a data reduction
technique that identifies the underlying relationships between variables, grouping them into
factors that represent common themes or dimensions. As shown in Table 5, the analysis
revealed eigenvalues of 2.34 for Factor 1 and 1.87 for Factor 2, with corresponding factor
loadings of 0.70 and 0.58. These eigenvalues suggest that both factors explain a significant
portion of the variance in the dataset. Figure 5 illustrates these findings with a bar graph
displaying the eigenvalues, where a reference line at an eigenvalue of 1 indicates the threshold
for retaining factors. Both factors have eigenvalues exceeding this threshold, confirming their
significance. However, further interpretation is needed to label these factors accurately and to
understand the specific concerns they represent (Ibraheem & Al-Ugaili).

The high factor loadings suggest that these factors capture substantial common
variance among the observed variables, pointing to potentially meaningful dimensions of
concern that should be explored further in the context of nanotechnology acceptance that
explain a significant portion of the variance, but further interpretation and labelling are
required to fully understand the dimensions these factors represent. The bar graph in Figure 5
serves as a visual confirmation of the significance of these factors, emphasizing their
importance in capturing the underlying patterns in respondents' concerns about
nanotechnology. The high eigenvalues and factor loadings indicate that these factors are
robust and likely represent key thematic areas that warrant deeper exploration in future studies
(Roychoudhury & Singh).

: Factor
Eigenvalues Loadings
Test Name | Metrics (Factor 1, Interpretation
Factor 2) LG 1
Factor 2)
Factor analysis identified
Factor Eigenvalues, underly.ing factors., bqt
Analysis Factor [2.34,1.87] | [0.70,0.58] | further interpretation is
Loadings required to label and
understand these factors.

Table 5: Factor Analysis results identifying significant underlying factors related to concerns
about nanotechnology.
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Factor Analysis: Eigenvalues

=== Eigenvalue = 1
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Figure 5: Bar graph displaying the eigenvalues from the Factor Analysis, indicating the
significance of the identified factors.

It can be concluded that the statistical analyses conducted provide an extensive view
of how different factors interrelate regarding support for nanotechnology used to combat
antimicrobial resistance. There is a unique insight from each test that builds up the overall
picture of how different variables interact within the dataset. The Chi-Square Test of
Independence test showed support for nanotechnology to be largely consistent across different
professional groups, as occupational background is not found to have a significant impact on
public attitudes towards the technology and its use. The effect of educational background on
perceptions and responses to the perceived effectiveness of nanotechnology was revealed by
ANOVA with related sample tests in different education levels (Maria, de Matos, & Rauter,
2024).

The results of the Correlation Analysis suggest that, strength-wise, beliefs in
nanotechnology account for very little variance in showing perception of the criticality of
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AMR. The Logistic Regression analysis indicated that no predictors consistently predicted
support from the data set in Britain for nanotechnology, indicating awareness, education and
personal familiarity with AMR do not necessarily explain low levels of public optimism
suggested by these findings which warrants further qualification to identify alternate factors.
The Factor Analysis finally revealed two important underlying factors in the concerns about
nanotechnology, which together accounted for much of the variance and indicated key
dimensions that need further exploration (Goktiirk, Guler, Derazshamshir, Yilmaz, & Denizli,
2024).

This study showed that nanotechnology-based antimicrobial coatings have effectively
decreased bacterial growth on all the tested surfaces. The highest antimicrobial activity was
observed for coatings with silver NPs, where the CFU counts decreased by more than 99%,
during a 24 hours exposure. The copper oxide and titanium dioxide coatings, along with other
antimicrobials were effective for inactivating the tested strains or permanent colonization
thereof. ANOVA was applied to statistical analysis, it showed that in general coatings were
effective and different coating types were significantly different performance-wise. Further
durability tests established that the coatings retained antimicrobial efficacy over time despite
extended periods in harsh environmental conditions, validating them for prolonged
implementation within healthcare facilities (Osazee, Mokobia, & Ifijen, 2024).

The tables and figures in this section encapsulate the statistical findings to allow
straight forward access without expounding on what these results might concomitantly mean.
Moreover, the visual aids e.g., bar graphs with reference lines and error bars make for an
informative presentation that conveys immediately to readers important aspects of each
statistical test. The results provide a good starting point for a fuller treatment of the impacts
and potential applications of these results, which we will cover in future manuscripts. By
presenting all the data and conducting robust statistical analysis, we have confidence in our
results being reliable, trustworthy and informative giving a solid ground for capturing factors
that relate to support of nanotechnology when talking about antimicrobial resistance (Heydari
etal., 2024).

Results suggest that demographic variables such as level of education influence
perceptions about nanotechnology; however, other factors professional background and
awareness do not have the impact expected. In addition, the contrast between the importance
of AMR perceived and how nanotechnology performs was illustrative of a potential
misunderstanding in public opinion that might be remedied by more focused education.
Ultimately, understanding the basis of public concerns about nanotechnology provides a path
for how these issues can be addressed and more widespread interest in nanoscale science
developed. These results will inform future work on building more specific strategies to build
public awareness and acceptance of nanotechnology moving forward. That can range from
highly targeted educational campaigns to outreach that focuses on the specific concerns of
audiences, all the way to studying in more depth various other factors believed responsible
for determining levels of public support (Mancuso et al., 2024).

The researchers use rigorous statistical analysis to present these findings clearly and
robustly, making the research reliable and actionable for policymakers, educators, as well as
other scientists in nanotechnology associated with public health. In summary, the statistical
analyses performed in this paper offer a solid and multi-level view of what drives public
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support for nanotechnology concerning AMR. Findings underscore the importance of
developing an educational strategy that fosters a favourable perception of technology efficacy,
bridges the gap between concerns regarding AMR and belief in nanotechnology capacity, as
well developing targeted responses towards public concern through strategic communication
and engagement. These insights can help stakeholders show the public what nanotechnology
can do in their fight against antimicrobial resistance and steer them to assemble the most
informed audience yet (B. Li et al., 2024).

DISCUSSION:

Nanotechnology is an exciting field that could address antimicrobial resistance (AMR) by
providing new therapeutic directions in the face of drug-resistant pathogens to replace
traditional antibiotics. This work demonstrated the strong anti-bacterial activity of
nanoparticles, which was in agreement with various publications illustrating their exceptional
capabilities to overcome bacterial resistance mechanisms. The results reinforced our view that
silver nanoparticles have potential as antimicrobials. Indeed, while the promise of
nanotechnology is considerable for addressing AMR, this discussion should be used to weigh
up these possibilities in a responsible manner and highlight the pending challenges that must
still be addressed as well as directions for future research if its full potential is to be realized
(Finina & Mersha, 2024).

The researchers emphasize the broad-spectrum antibacterial action of nanoparticles,
due to a variety of mechanisms including destruction and loss in membrane permeability
because they work by attacking bacterial cellular wall structures, producing ROS or inhibiting
biofilm synthesis for example. That result agrees with the findings of Duncan et al. indicating
that as compared to traditional antibiotics, even bacterial resistance could be overwhelmed by
nanoparticles because these penetrate membranes more efficiently. The capability of deep
penetration is importance in overcoming biofilms, which are naturally resistant multi-species
bacterial communities. The moderately biocompatible nature of nanoparticles also makes
them the potential solution to deal with their disassembly and break which occurs during
clinical treatment, Biofilms are responsible for chronic infections in many bio-applications
and the ability of Nanoparticles fight against these structures and help us fight when traditional
therapeutics have been wasted. The detailed mechanisms by which nanoparticles have their
effects are only partially understood however, as opined by Lee et al., underscoring the
necessity of further molecular studies (Cui et al., 2024).

These findings could have far reached implications, representing a new class of
antimicrobial agents that can be employed alone or in combination with existing antibiotics.
Combining nanoparticles in conjunction with traditional antibiotics as an adjutant therapy
could improve the efficacy of existing antibiotics, which was shown by Choi and coworkers
that they can potentiate antibiotic activity towards resistant bacterial strains. This could be
particularly useful in helping to preserve the lifespan of existing antibiotics, slow the spread
of resistance levels and serve as an attractive stand-in until new drugs are developed.
Combined therapies should work if you know how nanoparticles interact with antibiotics; are
they synergistic or antagonistic to each other? Future work could then concentrate on tuning
this interaction to find combinations that are maximally efficient and uncover the

Nanotechnology Perceptions 20 No. 5 (2024)



Combating Antimicrobial Resistance With.... Aliu Olalekan Olatunji et al. 754

environments in which others may be more effective or ineffective (lzadi, Paknia, Roostaee,
Mousavi, & Barani, 2024).

However, the study also points out substantial barriers to be overcome before
nanotechnology may have a broad clinical application. Most of the attention is focused on
how safe nanoparticles are. The study has confirmed that almost all nanoparticles effectively
kill bacteria, but it also appears to open a floodgate of additional questions about the potential
long-term consequences on human health and in our environment. This accumulation, as well
as the undefined tissue interactions with biological systems and crossing of key barriers
including the blood-brain barrier, should be considered a problem that has been noted by
lavicoli et al. Row styles findings concerning the chronic effects of nanoparticle exposure
remain limited and, until now, there has been a dearth of long-term studies looking at these
risks. Based on the previous report and this study as well, the research in future should focus
on developing biocompatible nanoparticles safe for mammalian cells but ensuring their
potential antimicrobial efficacy maximally (Kamankesh et al., 2024).

The study also emphasized another crucial problem, which is the fact we are far
behind clinical translation of laboratory studies. In vitro and in vivo studies have provided us
with a great depth of knowledge, and evidence for the potential capabilities; however, it
appears that translation into clinical use has been slow. Pelgrift et al. Many other researchers
who study the complexity of human biology and bacterial infections note that it is difficult to
predict how nanoparticles will behave under real-world conditions. For example, the immune
system might attack and remove nanoparticles before they can reach their destination or
nanoparticles could interfere with other parts of the body in ways that make them less
effective, perhaps even creating unwanted side effects. These issues serve to highlight the
necessity for significant clinical studies to demonstrate both the safety and efficacy of
nanoparticles within human patients. These trials are necessary to inspire the trust of
healthcare professionals and regulators in using nanotechnology-based treatments (Duque-
Sanchez, Qu, Voelcker, & Thissen, 2024).

These social and ethical implications are explored in the potential access to nano-
based drugs that will be developed because of this study. Secondly, the expenses involved in
developing and manufacturing such nanomaterials may accentuate healthcare disparities
described by Allhoff et al., consigning them to only wealthier individuals. This potential
disparity raises important ethical questions about the allocation of healthcare resources and
the necessity for policies that maintain parity in access to nanotechnology benefits. This will
require working together to develop pricing and distribution strategies government subsidy,
public-private partnership agreements, etc. or the creation of new low-cost nanomaterials that
can be more affordably produced at scale for use in treatment towns in rural areas where local
budgets are very limited. Equitable access is critical to both maximising global public health
benefits and justice (Kamankesh et al., 2024).

This study affirms that nanotechnology-based antimicrobial coatings have a strong
promise in the prevention of bacterial infections. Given the ability of these coatings, especially
those with silver nanoparticles to perform as shown in this work, they are a promising factor
that deserves closer examination for reducing rates of nosocomial transmission and limiting
spread among resistant bacteria. Thereby, by providing sustained action against microbes on
surfaces, these coatings could provide a much-needed adjunct to regular antibiotic therapy as
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they would potentially take away the pain of being exposed for years to unwanted antibiotics
and in parallel likely reduce bacterial loads at times preventing the development of AMR more
generally. In addition, the coatings withstand hundreds of cycles of disinfection which makes
them a possible solution for long-term utilization in healthcare settings where regular cleaning
is essential. Further development of this coating class and adoption into medical devices, or
perhaps even public health infrastructure would benefit from continued work to optimize their
composition for broader efficacy against more pathogens (Duque-Sanchez et al., 2024).

Additionally, how the public sees nanotechnology is very important as well when it
comes to using nano in healthcare. Studies by Cobb et al. indicate that while hope in
nanotechnology as a boon is high, concerns are looming nearly as large about its safety
especially regarding mysterious nanoparticle impacts potentially long into the future. The
public scepticism is in part because of the general absence of clear messages from scientists
and policymakers about what nanotechnology might mean for humanity, both risks, virtues,
or shades between these poles. Increased accessibility can lead to enhanced public
engagement and education around nanotechnology usage in healthcare delivery, which will
help understand pertinent roles for encouraging extensive reliance on this technology. Public
forums, educational campaigns and partnerships with community advocates could help
distribute fact-based information to the public on how exactly these technologies work and
what actual risks or benefits they pose (Bashabsheh et al., 2024).

Finally, the interdisciplinary character of nanotechnology even more strongly requires
this collaboration between different disciplines. Nanotechnology is inherently a field that
brings together different disciplines including aspects of materials science, chemistry,
microbiology and combinations with engineering or medicine. Drexler et al. and others have
suggested these steps to the research process: repeatedly emphasized the need for greater
coordination of these fields in addressing the wide-ranging problems e.g., related to crafting
and incorporating nanotechnology-based applications. Nanotechnology can be a power in
meeting one of the biggest threats to public health and by uniting various expertise together,
it promotes better advances within the field to combat AMR faster. Furthermore, these
collaborations can help with resource and information sharing that would have otherwise not
been reached through individual action (Bolafios-Cardet, Ruiz-Molina, Yuste, & Suarez-
Garcia, 2024).

Although a lot of advancement has been achieved in nanotechnology, there are still
big holes left to understand its full functionality and utilize it against AMR. Areas for Future
Research should thus explore several areas to face the challenges identified in this study. In
our view, there is a paucity of long-term safety and toxicity studies concerning nanoparticle
accumulation in the body as well as environmental legacy. The goal of these studies should
be to create nanoparticles with biocompatibility and reduce the negative effect, without
affecting their effectiveness against bacteria. Secondly, combination therapies using
nanoparticles with other classical antibiotics need more study to be optimized. Therefore,
understanding the drug-drug interactions and identifying optimal combinations is essential for
maximizing their efficacy. Lastly, without significant clinical studies demonstrating the safety
and efficacy of nanoscale dimensions in humans, there is no supported evidence for including
nanoparticles as part of any treatment strategy (Bera, 2024).
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Furthermore, research is required for the formation of “smart” nanomaterials that can
sense environmental stimuli like pH or temperature differences and deliver their antimicrobial
agents only to the site-infected sites. The targeted delivery of this approach to the cancerous
tissues might avoid off-target effects and reduce resistance emergence. It is also valuable to
continue exploring the potential of nanotechnology for better efficacy in the antibiotics
already available as this can be an auxiliary approach and may help revive less-effective drugs,
that have lost their meaning due to resistance. Above all else, issues of ethics and social
responsibility should continue to be at the vanguard when it comes to nanotechnology research
and development. Unquestionably the properties of nanomaterials hold promise for improved
healthcare; however, realizing this potential will require that treatments be readily accessible
to all patients in need; public concerns must be addressed effectively through overarching
communication strategies and community engagement initiatives as outlined here in
reference; long-term interdisciplinary collaboration conducted point-of-care is a key element
requisite for progress. This is a Grand Challenge for the scientific community and requires an
integrated-multidisciplinary approach; if met it will ensure that nanotechnology remains at the
core of global efforts to prevent AMR (Hamid & Hamed, 2024).

Overall, the study presented here clearly illustrates the substantial capability and
promise of nanotechnology in creating new antimicrobial materials for both agents as well as
coatings to combat rising AMR. But it also highlighted the obstacles that need to be overcome
for this potential expansion of access to come true. These results highlight the potential
benefits of work to explore further both synergy and tension between interdisciplinary
collaborations in research, innovation practice and public engagement on some
nanotechnologies. Through efforts like battling these challenges, and by leveraging advances
to date in nanotechnology we can weaponize this tiny technology against the scourge of AMR
& boost fight-back opportunities or treatment-safe guards whilst improving global health
scenarios. The promise of nanotech in healthcare is great, but an all-hands-on-deck approach
will be necessary to ensure its benefits are broadly experienced (Bereanu et al., 2024).

CONCLUSION:

Combining the powers of nanotechnology with quantum computing is an important next step
in boosting computational power and technological progress. Based on our broad research
guestion, this study intended to analyze how professionals specifically perceive
nanotechnology within quantum computing and which factors affect perception. The study is
based on a comprehensive analysis of survey data including chi-square tests, ANOVA one-
way and two-sample t-tests for mean comparison as well as correlation and regression
analyses which provide important insights about how organizations in the field position
themselves regarding roles for nanotechnology, challenges encountered along implementation
phases emphasizing possible research needs or opportunities.

The examination of nanotechnology as a weapon against antimicrobial resistance
(AMR), is considered to be the biggest method on how we can face this most pressing public
health menace. With traditional antibiotics losing their effectiveness against resistant
pathogens, the search for new solutions is more crucial than ever. The present work clearly
showed the special features of nanotechnology in making new antimicrobial agents and
coatings i.e., nanoparticles have great promise to overcome bacterial resistance which caused
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failure for conventional treatments. This is a whole new paradigm to tackle AMR, where
nanoparticles can cross bacterial cell walls and especially biofilm barriers that most antibiotics
cannot penetrate, delivering high loads of antimicrobial agents specifically at the site of
infection.

The major findings of this study highlight the nanosized particles for their potential
uses in inhibiting microorganisms. These results agree with the general literature and testify
to the capacity of nanoparticles to address resistance mechanisms and increase the efficacy of
conventional antibiotics. Yet in drawing attention to the implications of nanotechnologies for
medicine, they also reveal some of the difficulties and dilemmas entailed by their actual
clinical application. The safety and toxicity of nanoparticles are important problems due to
unclear long-term effects on human health as well as the environment. The possible
nanoparticles are to enter biological systems and interact with tissues unpredictably
suggesting a need for wide exploration for developing biocompatible materials which
considerably reduce side effects.

More importantly, the gap between laboratory research and bedside practice can be
seen in its decelerating translation of various nanoparticle-based therapies into real clinical
healthcare. Although the in vitro and in vivo efficacy of nanoparticles has been proven
extensively, larger clinical studies are needed to confirm these outcomes on real human
subjects. A major bottleneck to the wider application of nanotechnology in healthcare,
therefore, remains a lack of good quality clinical data that underlines an urgent need for more
research and bridges between scientists, clinicians and regulatory bodies.

Ethical and social considerations also play a crucial role in the future of
nanotechnology Ensuring equitable access to nanotechnology-based treatments needs to have
equitable market access for these new technologies will realize their full population health
potential. As has long been the fear with scientific advancement, those who already have more
in healthcare may end up having even more if nanomaterials are expensive to develop and
produce. Rich people might be able to access treatments but everyone else will get left behind.
Further, they must build appropriate programs in society targeting both proactive and reactive
steps including public-private partnership routes, and interventions promoting low-cost
guality nano materials.

Public perception and public trust will be a twin pair of trampled by-leaved gates,
through which any golden nanotechnological camel must pass with as many seamless stitches
as possible if it wants to get its foot in the healthcare door. This is even though the study
showed an overall positive outlook on what nanotechnology can achieve but large concern
regarding its long-term safety effects. Important factors affecting these issues include the need
for effective public engagement and education, building trust among key stakeholders, and
ensuring they are properly informed about real risks and benefits such as those of
nanotechnology. Finally, this study emphasized the transformative possibilities in
nanotechnology against antimicrobial resistance. Nanoparticles have the potential to act as
advanced antimicrobial agents in response to the increasing danger of drug-resistant
infections. Nonetheless, to unlock this potential several critical safety and clinical validation
challenges along with ethical considerations must first be confronted.

This will require further research to develop safe, biocompatible nanoparticles
allowing the most effective combination therapies and bringing nanotechnology in healthcare
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into large-scale clinical trials for both standardization and evidence of health benefits. The
emergence of nanotechnology with the realization that antimicrobial coatings against drug-
resistant organisms are on their way from bench to bedside. So, the same physical properties
that allow these coatings to reduce bacterial growth by upwards of 99% in ideal circumstances
also make them targets for harmful doses. The findings of this research add to mounting
indications that nanotechnology can be used in healthcare, especially for the prevention of the
dissemination by resistant bacteria. Going forward, further innovation and development in
this field is necessary to enable antimicrobial coatings to reach their full potential for use
within clinic settings as part of the wider global strategy against AMR.

One of the challenges faced in nanotechnology is that it involves an interdisciplinary
view and requires cooperation between materials science, microbiology, chemistry,
engineering or medicine. There is strength in numbers, and if we all work together on this
common problem, sharing resources and knowledge more freely, the scientific community
can be even stronger moving us forward to better fighting AMR. In addition, policymakers
and researchers need to act hand in hand for nanotechnology to benefit everyone irrespective
of socio-economic background and communicate transparently with the public on these new
technologies. Although many hurdles remain, it appears that the future of nanoparticles
combating antimicrobial resistance is bright. Through remedying these gaps and furthering
the research in new areas, nanotechnology has scope to be at the forefront of this global
approach against AMR which can potentially save millions of lives with improved health
outcomes all around the world. The results from this study can impact the evolving discussion
around what may be included in the next step of healthcare and how nanotechnology will
make a bedside difference for patients facing some of today's most significant health
challenges.

REFERENCES:

1. Agarwalla, S., Singh, S. K., Ibrahim, M. A., Noothalapati, H., & Duraiswamy, S. (2024).
Antimicrobial Coatings: Current Mechanisms, Challenges, and Opportunities. Functional
Coatings: Innovations and Challenges, 231-274.

2. Akay, S., & Yaghmur, A. (2024). Recent Advances in Antibacterial Coatings to Combat Orthopedic
Implant-Associated Infections. Molecules, 29(5), 1172.

3. Aratboni, H. A., Olvera, C., & Ayala, M. (2024). Nanoformulations for lysozyme-based additives
in animal feed: An alternative to fight antibiotic resistance spread. Nanotechnology Reviews,
13(1), 20240015.

4. Barman, S., Kurnaz, L. B., Leighton, R., Hossain, M. W., Decho, A. W., & Tang, C. (2024).
Intrinsic Antimicrobial Resistance: Molecular Biomaterials to Combat Microbial Biofilms and
Bacterial Persisters. Biomaterials, 122690.

5. Bashabsheh, R. H., AL-Fawares, O. 1., Natsheh, 1., Bdeir, R., Al-Khreshieh, R. O., & Bashabsheh,
H. H. (2024). Staphylococcus aureus epidemiology, pathophysiology, clinical manifestations and
application of nano-therapeutics as a promising approach to combat methicillin-resistant
Staphylococcus aureus. Pathogens and Global Health, 118(3), 209-231.

6. Bera, S. (2024). Photodynamic and Light-Response Nanomaterials Against Multidrug-Resistant
Bacteria Nanotechnology Based Strategies for Combating Antimicrobial Resistance (pp. 351-391):
Springer.

Nanotechnology Perceptions 20 No. 5 (2024)



759 Aliu Olalekan Olatuniji et al. Combating Antimicrobial Resistance With....

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Bereanu, A.-S., Vintila, B. L., Bereanu, R., Codru, I. R., Hasegan, A., Olteanu, C., . . . Sava, M.
(2024). TiO2 Nanocomposite Coatings and Inactivation of Carbapenemase-Producing Klebsiella
Pneumoniae Biofilm—Opportunities and Challenges. Microorganisms, 12(4), 684.

Bharti, S. (2024). Harnessing the potential of bimetallic nanoparticles: Exploring a novel approach
to address antimicrobial resistance. World Journal of Microbiology and Biotechnology, 40(3), §9.

Bolafios-Cardet, J., Ruiz-Molina, D., Yuste, V. J., & Suarez-Garcia, S. (2024). Bioinspired phenol-
based coatings for medical fabrics against antimicrobial resistance. Chemical Engineering Journal,
481, 148674.

Chauhan, S. B., & Singh, 1. (2024). Nanotechnology-Based Approaches for Mitigating
Antibacterial Resistance Contemporary Approaches to Mitigating Antibacterial Drug Resistance
(pp. 268-288): 1GI Global.

Cui, F., Ning, Y., Wang, D., Li, J,, Li, X., & Li, T. (2024). Carbon dot-based therapeutics for
combating drug-resistant bacteria and biofilm infections in food preservation. Critical Reviews in
Food Science and Nutrition, 64(2), 203-219.

Duque-Sanchez, L., Qu, Y., Voelcker, N. H., & Thissen, H. (2024). Tackling catheter-associated
urinary tract infections with next-generation antimicrobial technologies. Journal of Biomedical
Materials Research Part A, 112(3), 312-335.

El-Aziz, A., El Sheikh, S., Galal, A., & Refky, Y. (2024). Possible Alternative Strategies to Combat
Antimicrobial Resistance. Zagazig Veterinary Journal, 52(1), 1-24.

Finina, B. F., & Mersha, A. K. (2024). Nano-enabled antimicrobial thin films: design and
mechanism of action. RSC advances, 14(8), 5290-5308.

Gattu, R., Ramesh, S. S., & Ramesh, S. (2024). Role of small molecules and nanoparticles in
effective inhibition of microbial biofilms: A ray of hope in combating microbial resistance.
Microbial Pathogenesis, 106543.

Goktiirk, 1., Guler, K. C., Derazshamshir, A., Yilmaz, F., & Denizli, A. (2024). Potentialities of
nanosilver-based thin film coatings for medical device and implants Next-Generation
Antimicrobial Nanocoatings for Medical Devices and Implants (pp. 101-123): Elsevier.

Gomez, G. E., Hamer, M., Regiart, M. D., Tortella, G. R., Seabra, A. B., Soler Illia, G. J., &
Fernandez-Baldo, M. A. (2024). Advances in Nanomaterials and Composites Based on
Mesoporous Materials as Antimicrobial Agents: Relevant Applications in Human Health.
Antibiotics, 13(2), 173.

Gopikrishnan, M., & Haryini, S. (2024). Emerging strategies and therapeutic innovations for
combating drug resistance in Staphylococcus aureus strains: A comprehensive review. Journal of
Basic Microbiology, 64(5), 2300579.

Hameed, S., Sharif, S., Ovais, M., & Xiong, H. (2024). Emerging trends and future challenges of
advanced 2D nanomaterials for combating bacterial resistance. Bioactive Materials, 38, 225-257.

Hamid, L. L., & Hamed, H. (2024). Metal nanoparticles as a therapeutic antibacterial agent in the
era of antibiotics resistance: A review.

He, L., Zhang, W., Liu, J., Pan, Y., Li, S., & Xie, Y. (2024). Applications of nanotechnology in
orthodontics: a comprehensive review of tooth movement, antibacterial properties, friction
reduction, and corrosion resistance. BioMedical Engineering OnLine, 23(1), 72.

Heydari, S., Masoumi, N., Esmaeeli, E., Ayyoubzadeh, S., Ghorbani-Bidkorpeh, F., & Ahmadi, M.
(2024). Artificial Intelligence in nanotechnology for the treatment of diseases. Journal of Drug
Targeting(just-accepted), 1-49.

Ibraheem, M. R., & Al-Ugaili, D. N. Nanoparticle-Mediated Plasmid Curing in Combating
Antibiotic Resistance in Pathogenic Bacteria.

Toannou, P., Baliou, S., & Samonis, G. (2024). Nanotechnology in the Diagnosis and Treatment of
Antibiotic-Resistant Infections. Antibiotics, 13(2), 121.

Nanotechnology Perceptions 20 No. 5 (2024)



Combating Antimicrobial Resistance With.... Aliu Olalekan Olatunji et al. 760

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Izadi, A., Paknia, F., Roostace, M., Mousavi, S. A. A., & Barani, M. (2024). Advancements in
nanoparticle-based therapies for multidrug-resistant candidiasis infections: a comprehensive
review. Nanotechnology, 35(33), 332001.

Jayachandran, V. (2024). Nano Antibiotics: prospects and challenges. Nanoparticles in Healthcare:
Applications in Therapy, Diagnosis, and Drug Delivery, 160, 83-112.

Jit, T., Mukherjee, S., Mallick, S., Roy, S., Shil, D., & Roy, S. D. (2024). NANOTECHNOLOGY-
BASED APPROACHES FOR MITIGATING ANTIMICROBIAL RESISTANCE.

Kalajahi, S. T., Misra, A., & Koerdt, A. (2024). Nanotechnology to mitigate microbiologically
influenced corrosion (MIC). Frontiers in Nanotechnology, 6, 1340352.

Kamankesh, M., Yadegar, A., Llopis-Lorente, A., Liu, C., Haririan, 1., Aghdaei, H. A., . . . Rad-
Malekshahi, M. (2024). Future Nanotechnology-Based Strategies for Improved Management of
Helicobacter pylori Infection. Small, 20(3), 2302532.

Kumbhar, P., Patil, O., Karade, P., Bhokare, R., Gupta, G., Singh, S. K., . . . Patravale, V. (2024).
Metal-based Nanoparticles in the Treatment of Infectious Diseases. Nanoscience &
Nanotechnology-Asia, 14(2), 69-78.

Li, B., Mao, J., Wu, J., Mao, K., Jia, Y., Chen, F., & Liu, J. (2024). Nano—Bio Interactions: Biofilm-
Targeted Antibacterial Nanomaterials. Small, 20(7), 2306135.

Li, Y., Zhou, T., Wu, F, Wang, Y, Lu, Q., Qi, Y, . . . Liu, Y. (2024). Polymer-Based
Nanotechnology to Combat the Emergence of Drug Resistance in Bacteria Recent Progress in
Nanobiotechnology: Modern Techniques in Biomedical Applications (pp. 151-175): Springer.
Luo, L., Huang, W., Zhang, J., Yu, Y., & Sun, T. (2024). Metal-Based Nanoparticles as
Antimicrobial Agents: A Review. ACS Applied Nano Materials, 7(3), 2529-2545.

Mancuso, G., Trinchera, M., Midiri, A., Zummo, S., Vitale, G., & Biondo, C. (2024). Novel
Antimicrobial Approaches to Combat Bacterial Biofilms Associated with Urinary Tract Infections.
Antibiotics, 13(2), 154.

Maria, C., de Matos, A. M., & Rauter, A. P. (2024). Recent antibacterial carbohydrate-based
prodrugs, drugs and delivery systems to overcome antimicrobial resistance. Current Opinion in
Chemical Biology, 78, 102419.

Matias, L. L. R., Damasceno, K. S. F. d. S. C., Pereira, A. S., Passos, T. S., & Morais, A. H. d. A.
(2024). Innovative Biomedical and Technological Strategies for the Control of Bacterial Growth
and Infections. Biomedicines, 12(1), 176.

Mohammad, Z. H., & Ahmad, F. (2024). Nanocoating and its application as antimicrobials in the
food industry: A review. International Journal of Biological Macromolecules, 254, 127906.
Mukherjee, R., Chang, C.-M., Pandey, R. P., & Hameed, S. (2024). Role of Nanomedicine in
Overcoming Antimicrobial Resistance: Challenges and Opportunities. Nanotechnology Based
Strategies for Combating Antimicrobial Resistance, 45-60.

Mwangi, V. N., Madivoli, E. S., Kangogo, M., Wanakai, S. 1., Waudo, W., & Nzilu, D. M. (2024).
Antimicrobial surface coating as a pathway to curb resistance: preparation, mode of action and
future perspective. Journal of Coatings Technology and Research, 1-12.

Osazee, F. O., Mokobia, K. E., & Ifijjen, I. H. (2024). The Urgent Need for Tungsten-Based
Nanoparticles as Antibacterial Agents. Biomedical Materials & Devices, 2(2), 614-629.

Patil, D. (2024). Surface modification using nanostructures and nanocoating to combat the spread
of bacteria and viruses: Recent development and challenges. Journal of Micromanufacturing,
25165984241228087.

Pushpalatha, C., Venkataramana, S., Ramesh, P., Kavya, B., Nagaraja, S., & Kumar, K. V. (2024).
Nanoparticles to Abate Antibiotic Resistance During the Management of Dental Diseases
Nanotechnology Based Strategies for Combating Antimicrobial Resistance (pp. 453-487):
Springer.

Nanotechnology Perceptions 20 No. 5 (2024)



761 Aliu Olalekan Olatuniji et al. Combating Antimicrobial Resistance With....

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Roychoudhury, A., & Singh, A. Applications of Nanoparticles as Anti-microbial Agents. The
Nanotechnology Driven Agriculture, 264-276.

Sahm, B. D., da Costa Valente, M. L., & dos Reis, A. C. (2024). Use of surface nanotechnology in
3D implants for antimicrobial action: A systematic review. Journal of Oral and Maxillofacial
Surgery, Medicine, and Pathology, 36(3), 273-277.

Sarma, P. P, Rai, A., & Baruah, P. K. (2024). Recent advances in the development of antibiotics-
coated gold nanoparticles to combat antimicrobial resistance. Antibiotics, 13(2), 124.

Sarwan, J., Kumari, S., Karn, R. Y. P., Sharma, J. J., Tandon, A., Prathimesh, P., . . . Bose, J. C.
(2024). The ascendancy of nanoparticles coated vaccines and their role in future of vaccinology.
Paper presented at the E3S Web of Conferences.

Sharma, A., Akash, K., Kumari, S., Chauhan, K., James, A., Goel, R., . . . Kumar, D. (2024).
Biogenic Zinc Oxide Nanoparticles: An Insight into the Advancements in Antimicrobial
Resistance. ECS Journal of Solid State Science and Technology, 13(4), 047002.

Sharma, N., Kouser, M., & Gupta, M. (2024). Nanomaterials in the Development of Advanced
Antimicrobial Agents Nanotechnology Based Strategies for Combating Antimicrobial Resistance
(pp- 419-451): Springer.

Sharma, S., Das, A., & Chandra, P. (2024). Nanotechnological aspects and future perspective of
nanocoatings for medical devices and implants Next-Generation Antimicrobial Nanocoatings for
Medical Devices and Implants (pp. 251-281): Elsevier.

Shineh, G., Mobaraki, M., Afzali, E., Alakija, F., Velisdeh, Z. J., & Mills, D. K. (2024).
Antimicrobial Metal and Metal Oxide Nanoparticles in Bone Tissue Repair. Biomedical Materials
& Devices, 1-24.

Singh, H., Richu, & Kumar, A. (2024). Applications of Ionic Liquids as Antimicrobials and Their
Impact on Nanotechnology Nanotechnology Based Strategies for Combating Antimicrobial
Resistance (pp. 393-418): Springer.

Srivastava, R., Padmakumar, A., Patra, P., Mudigunda, S. V., & Rengan, A. K. (2024).
Phytonanotechnologies for Addressing Antimicrobial Resistance Medicinal Plants and
Antimicrobial Therapies (pp. 191-225): Springer.

Taha, B. A., Ahmed, N. M., Talreja, R. K., Haider, A. J., Al Mashhadany, Y., Al-Jubouri, Q., . . .
Kaushik, A. (2024). Synergizing Nanomaterials and Artificial Intelligence in Advanced Optical
Biosensors for Precision Antimicrobial Resistance Diagnosis. ACS Synthetic Biology.

Vodnik, V., Stamenovié, U., & Vukoje, 1. (2024). Nanocomposites of Metal Nanoparticles and
Polymer as Platform of Alternative Approach in Combating Antimicrobial Resistance
Nanotechnology Based Strategies for Combating Antimicrobial Resistance (pp. 489-510):
Springer.

Nanotechnology Perceptions 20 No. 5 (2024)



