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Abstract: A serious worldwide health emergency has been brought on by the growth of multidrug-resistant (MDR) 

microorganisms, which are difficult to treat with traditional antimicrobial drugs. This emphasises how urgently novel 

therapeutic approaches are needed to combat antimicrobial drug resistance (ABR). To increase the efficacy of 

treatment for resistant microorganisms, one such tactic, known as nAbts mixes antimicrobial medications with 

nanoparticles. This work looks at the development of nano-based treatment systems to treat ABR, specifically urinary 

tract infections brought on by pathogenic microbes. Important results show that nAbts are more effective than 

conventional antibiotics. For instance, in vitro research showed that silver nanoparticle-based nAbts decreased 

bacterial growth in ciprofloxacin-resistant Escherichia coli strains by 98%, as opposed to the 30–40% reduction seen 

with ciprofloxacin alone. The capacity of the nanoparticles to break down bacterial cell walls, boost medication 

penetration, and enable targeted delivery—thereby circumventing resistance mechanisms—is responsible for this 

notable increase in antimicrobial activity. With their capacity to break down bacterial cell walls and promote 

intracellular drug accumulation, nAbts hold enormous promise for defeating resistance and providing a major 

breakthrough in the management of multidrug-resistant illnesses. The promise of nAbts to offer safer, more focused, 

and more successful treatment alternatives for ABR is highlighted in this publication. 

Keywords: Nanoscience, Green Nanotechnology, MDR, ABR, Nano-Antibiotics (Nabts), Urinary Tract Infection, 

Uropathogens, Antibiotic Therapy 

 

1. Introduction 

Nano medicine is a rapidly emerging field in 

science and technology, leveraging the potential of 

nanotechnology to interconnect with biological 

molecules at the nanoscale, leading to innovative 

applications in medicine. A significant advancement in 

this domain is the development of Nano drugs-

nanoparticles designed for targeted medication delivery. 

By directing active molecules to diseased tissues while 

minimizing impact on healthy cells, these Nano carriers 

enhance drug bio distribution and efficacy. In particular, 

nanotechnology offers the potential for creating 

biocompatible materials that promote cell growth in 

regenerative medicine, as well as nanoparticles capable 

of targeting specific cell types, reducing toxicity, and 

improving therapeutic outcomes. 

Despite the promising advancements of Nano 

medicine, urinary tract infections (UTIs) caused by 

multidrug-resistant (MDR) pathogens remain a 

significant challenge. Traditional antibiotic therapies 

often fail to effectively treat these infections due to 

bacterial resistance mechanisms, leading to prolonged 

infections and complications. This issue underscores the 

urgent need for novel therapeutic strategies, such as 

nAbts, which combine nanoparticles with antimicrobial 

agents to overcome the limitations of conventional 

antibiotics with unique properties of overcoming 

resistance mechanism, biofilm disruption, synergistic 

effects and targeted delivery. The objective of this 

manuscript is to explore the role of nAbts in addressing 

the growing challenge of MDR UTIs, with a focus on their 

ability to improve drug efficacy, enhance bacterial 

targeting, and reduce the toxicity associated with 

traditional treatments. By investigating the mechanisms 

through which nAbts work, this study aims to 

demonstrate their unique value in providing more 

effective, targeted therapies for combating UTIs caused 

by resistant pathogens. 

 

2. Urinary tract infection- An overview 

Infections of the urinary tract (UTIs) are brought 

on by bacteria and other organisms that manage to get 
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past the body's defences. They may have an impact on 

the tubes that connect the bladder, kidneys, and other 

organs. The names of UTIs vary depending on the 

location where they arise. For instance: Cystitis is the 

term for a bladder infection, Urethritis is an infection of 

the urethra and Pyelonephritis is the medical term for a 

kidney infection. 

There are two categories for UTIs: simple and 

complex. Simple UTIs typically just have an impact on 

the bladder. Infections that are resistant to treatment or 

have renal effects are referred to as complicated UTIs. 

The most typical type of urinary tract infections (UTIs) 

are uncomplicated bladder infections, in accordance to 

the National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK) Reliable Source. Different 

bacteria can be found on the skin or in the vicinity of the 

rectum and vagina, according to the Urology Care 

Foundation (UCF). The bacteria can go to the bladder if 

they get into the urethra. Some UTIs can disappear 

without treatment. Some uncomplicated UTIs can clear 

on their own without treatment, according to a 2022 

article from a reliable source, but some people need to 

see a doctor to get their symptoms under control. If a 

person experiences UTI symptoms, they should always 

visit a doctor since they can develop into a kidney 

infection. 

The body often flushes away the bacteria before 

they get to a person's bladder, according to the NIDDK 

Trusted Source. A UTI develops when the body is unable 

to do so in particular circumstances. One of the major 

prevalent illnesses related to human healthcare is 

catheter-associated urinary tract infection (CAUTI). Most 

likely, when catheters are inserted, bacteria enter the 

body and cause these illnesses. Prolonged usage of 

urinary catheter is the main prospect for developing 

catheter-associated UTI (CAUTI). Catheters should only 

be used at right conditions, and should be removed as 

soon as when they are no longer required. This infection 

is brought on by catheters that are ingested. A tube that 

has been put into a urethra called an indwelling catheter 

where the bladder is drained, and the urine is collected 

in a bag. The most significant and noticeable effect of a 

CAUTI is discomfort or even pain. Your urinary system 

will itch if you have a UTI. Untreated UTIs can lead to a 

number of problems, including:  

1 A constrained urethra that makes future 

urination challenging  

2 Illnesses that cause kidney damage over time or 

repeatedly 

3 Kidney infections brought on by bacteria that 

travel through your urethra and bladder 

4 Sepsis is a potentially fatal infection of the entire 

body brought on by bacteria that enter the 

circulation through the urinary system [1]. 

Globally and geographically, the frequency of 

UTI varies based on a number of factors, including 

population demographics, hygiene habits, antibiotic 

resistance, healthcare access, and the existence of 

underlying medical disorders. UTIs are one of the most 

prevalent bacterial infections in the world, particularly in 

women, and they contribute significantly to morbidity and 

the cost of healthcare. A broad summary of UTI 

occurrence based on regional and worldwide data is 

provided in table 1 [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Types, Causes and Risk factors of major UTIs 
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Table 1. Global and regional UTI prevalence 

Region Prevalence Rate of UTIs 

Global Annually 150 million cases 

Asia 3-10% in local population 

Middle East Men- 2-4%, Women- 5-10% 

India 3-8% in local population 

Europe 8-10 million cases/year 

North America 10-15% among women 

South America 20% prevalence in women 

Africa 4-7% in elderly and children 

Australia 10-20% among women 

 

3. Recent advances in nanotechnology and 

its biomedical applications 

The use of nanomedicine as a platform to 

combat various diseases is growing. The development 

of nanomedicine has increased patient life expectancy 

and eliminated diseases that were previously incurable. 

A nanomedicine platform's benefits include enhancing 

the pharmacokinetics of medicinal compounds and 

increasing both their solubility and bioavailability. In 

addition to offering novel treatments, a nanomedicine 

platform increases the targetability of diseases. There 

are several different types of nanomedicines on the 

market, including protein, lipid, dendrimer, polymeric, 

and lipid nanoparticles as well as liposomes. Several 

COVID-19 vaccines to deliver target-specific miRNA use 

the nanomedicine platform. A number of research 

communities concentrate on therapeutic approaches 

employing nanomedicine to treat rare diseases like HIV, 

HSV, viral infections, cancer, and diabetes. There needs 

to be a thorough investigation into the drawbacks of 

nanomedicine platforms, such as the toxicity of some 

nanomedicines and the long-term side effects. Recent 

developments in this field, studies have revealed the 

potential use of nano delivery devices in the delivery of 

a range of biopharmaceuticals. 

Instrumental analysis, process 

engineering, biochemical assays, quality assurance 

(i.e., stableness and bioequivalence), in vivo, in vitro, 

statistical analysis (including AI algorithms), and ethical 

and social considerations are other components of 

advanced nanotechnology. Advanced nanotechnology 

has several uses in the biomedical, environmental, agro-

based and automobile fields. The major applications of 

nanomaterials in various sector is illustrated in fig 2. It 

encompasses biological information technology, gene 

sequencing technology, tissue engineering technology, 

fermentation technology, enzyme engineering, biochip 

generation, pharmaceutical preparations, and so on. 

There have been developments in the fields of 

biomedical products and materials, image processing 

and diagnostic tools, medical electronics and monitoring 

devices, fabricated organs, modern therapeutic devices, 

medical technologies, rehabilitation technologies and 

products, tissue engineering, and different products 

based on nanomaterials. Basic components of 

healthcare work include epidemiological research 

methodologies, etiological inference, public health 

emergencies, illness prevention and control, 

epidemiological statistical overview, statistical studies, 

and emergency treatment. Furthermore covered are the 

studies of the human environment, the living 

environment and good health, the food and health, work 

settings and health, and the social environment and 

health. 

In 1954, Paul Ehrlich, a physician with a keen 

interest in immunology and bacteriology, put up the idea 

of targeted medicine delivery by nanoparticles [3]. In 

1973, Professor Peter Paul Speiser with his team 

conducted the first study on polyacrylic beads for oral 

drug administration and created NPs for vaccinations 

and medicine delivery. It was thought that one injection 

would be enough to trigger the required antibody 

response since the prolonged drug release mechanism 

of NPs would continuously stimulate the immune 

system. Chemical conjugation, physical encapsulation, 

or adsorption are all possible ways to couple various 

biological agents with NP kinds. In addition, the 

manufacture of vaccines and immunisation are two other 

growing domains. Antiviral applications of NPs in 

conjunction with anti-drug-resistant bacteria treatments 

are two more. Nanoparticle-Drug Conjugates (AuNPs), 

Silver Nanoparticles-Coated Catheters, Ciprofloxacin-

Loaded Polymeric Nanoparticles, Magnetic 

Nanoparticles for Drug Delivery and Pathogen 

Detection, Quantum Dots for UTI Pathogen 

Detection and Nanocrystals from Enhanced 

Levofloxacin are a few specific examples of how 

nanotechnology is being used to treat UTIs. 

 

3.1 Nanotechnology in Diagnosis 

The development of customised medicine, 

which includes performing diagnostic procedures at the 

point of care, depends on molecular diagnostics. 

The usage of nanoscale particles as tags or 

labels in diagnostic procedures makes molecular 

diagnostics more efficient and sensitive because only 

little amounts of sample material are required. Nano 

fluidic array chip and protein nano biochips are 

examples of devices that use nano based biochips and 

microarrays. Isolating and analysing specific 

biomolecules, like DNA, is one among the most exciting 

applications in nanofluidic technology. Systematic 

biology, customised medicinal drugs, pathogen 

identification, new drug discovery and pre-clinical 

research are among the fields in which nanofluidic 

technology is anticipated to find widespread application.  
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Figure 2. Unique applications of nanomaterials across various sectors 

 

Some other applications of nanotechnology 

includes cytogenetics, discovery of biomarkers, stem 

cell tracking and other molecular diagnostics. 

 

3.2 Nanotechnology in Therapeutics  

Nanomedicine may make it easier to provide 

medications orally if they are now exclusively 

administered intravenously. Such medications will able 

to readily pass through the gastrointestinal lining and 

enter the bloodstream if they are nano encapsulated in 

a tiny polymer or lipid matrix. Nanoparticles can also 

efficiently enter damaged cells and help with more 

accurate diagnosis and treatment. They can be as small 

as viruses. Oncology has seen the most significant 

advancements in nanomedicine. Given particular 

particle sizes and chemical properties, passive targeting 

of chemotherapeutics to tumour tissues is now a feasible 

goal for the discovery of Enhanced Permeability- 

Retention (EPR) effect. Therapeutics are usually larger 

as, 10 nm to prevention from kidney elimination and 

those smaller than 150–200 nm to prevent liver and 

spleen clearance. Nanomedicine research has spanned 

the gamut of medical specialisations in addition to 

oncologic uses. Magnetic nanoengineered drugs, 

quantum dots, nanosuspensions, nanocrystalline drugs, 

gold nanoparticles, microspheres, liposomes, carbon 

nanotubes and polymeric nanoparticle designs are just 

a few of the nanotechnology products being used in 

medicine today. Nanoparticles actively target the 

diseased cells to deliver medications at higher 

concentration while decreasing drug-related effects by 

preventing or reducing the risk of interaction with normal 

cells due to their size and special surface features. 

Figure 3 explains about an enhanced activity of a 

nanoengineered antibiotic in invading pathogens over a 

conventional antibiotic under different infectious 

conditions in the urinary tract. 

 

3.3 Limitations or challenges of adopting 

nanotechnology in healthcare.  

Major challenges based on the usage of NP in 

healthcare includes; Manufacturing Challenges, Safety 

and Toxicity Concerns, Limited Understanding of 

Biological Interactions, Ethical and Public Perception 

Issues, Complexity of Disease Targeting and Specificity 

and Challenge of Compatibility with Current Therapies. 

The smooth integration of nanomedicines into 

healthcare systems requires cooperation between 

researchers studying nanotechnology, medical 

professionals, and regulatory bodies. Furthermore, the 

safety and efficacy of these novel innovations can be 

demonstrated primarily by clinical trials and empirical 

evidence. 
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Figure 3. Mechanism of nAbts under various UTI conditions  

 

4. Biosynthesis of nano particles from 

various sources 

Nanoparticles are small, incredibly accurate, 

and highly mobile particles. In the natural environment, 

nanoparticles are found in soil, plant biomass, plant 

extract, ocean spray, and volcanic ash. Existing 

substances or minerals can naturally be either extremely 

hazardous or environmentally benign through the bio 

reduction process.  

In the rapidly developing subject of phyto-

nanotechnology, isolated biological compounds are 

used to create, alter, or cover nanoparticles. These 

particles frequently have intriguing qualities, such as 

strong biological activity, and can therefore be used in 

agriculture or medicine. Additionally, phyto-

nanotechnology provides fresh and inventive 

applications for biomass and plant materials that could 

otherwise be squandered. In recent times synthesis of 

nanoparticles is highly from plants, micro-organisms 

(bacteria, fungi, and algae), enzymes and vitamins. For 

ecologically sensitive applications like agriculture or 

medicine, green solutions are perfect because they are 

cost-effective and sustainable [4]. 

For precise requirements and industrial-scale synthesis, 

conventional methods prove more effective; yet, as 

restrictions tighten, their impact on the environment 

makes them less desirable. Green synthesis techniques 

for nanoparticles are becoming more and more popular, 

and they support international sustainability objectives. 

 

5. Green nanotechnology 

Green nanotechnology was achieved in 

response to the demand for an alternate method of 

producing nanoparticles. The biosynthetic route is 

considered as secure, biocompatible, environmental 

friendly green methodology to produce nanomaterial for 

biomedical applications utilising plants and 

microorganisms. Plants and other micro-organisms like 

Fungi, algae, bacteria participates in nano synthesis. 

Due to the presence of phytocompounds in their 

extracts, they serves as stabilising as well as reducing 

agent. Several plant parts involving its roots, leaves, 

fruits, stems, and seeds have been employed in the 

synthesis of various nanoparticles [5]. Plants have 

demonstrated remarkable capability towards heavy 

metal detoxification and accumulation, which can help 

address the issue of environmental pollution because 

even very small concentrations of these heavy metals 

can be detrimental. Making nanoparticles with plant 

extract offers some benefits over conventional biological 

synthesis techniques. The excellent phytochemicals 

found in many plant parts, including berries, leaves, 

stems, and their roots, have led to their widespread use 

in the environmentally friendly creation of nanoparticles 

which is illustrated in figure 4. The fundamental idea 

behind green synthesis is that the phytochemicals found 

in plant parts act as both a natural reductant and a 

stabiliser for nanoparticles. In addition to being more 

stable in terms of size and form, NP synthesis using 

green extracts has a higher yield than those produced 

by physical and chemical approaches [6]. Numerous 

researchers have looked into the synthesis of NPs, 

producing desirable NPs by using bacteria, 

actinobacteria, mould, yeast, micro-alga and viruses. 

Microbial cells establish quickly, are easy to maintain, 

and are equipped to flourish in a range of conditions.  
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Figure 4. Nanoparticle synthesis from different biological entities 

 

Microalgae and bacteria might generate a 

variety of special nanomaterials, such as 

exopolysaccharides, nanocellulose, and nanowires. 

Microbes exhibiting a steady growth rate can be 

efficiently grown in artificial settings. Through either 

extracellular or intracellular avenues, microbes are 

capable of turning inorganic elements into NPs and can 

adjust to increasing metal concentrations. 

 

5.1 Bacteria mediated NP synthesis 

Bacteria are simple to culture and their genetic 

codes are easily altered and hence the process of 

synthesizing nanoparticles are quite feasible. Because 

bacteria are known to create a variety of inorganic 

compounds either intra- or extracellularly, they are 

powerful bio-factories for the generation of metallic 

nanoparticles such as silver and gold. In a bio-nano 

factory, a variety of metal NPs, including Ag, Au, Se, 

Cu and Fe, and metal oxides including silver (Ag2O), 

zinc (ZnO), titanium (TiO2), copper (CuO), manganese 

(MnO2), magnesium (MgO) and iron (Fe2O3), have been 

produced [7, 8]. Bacteria are highly capable of producing 

both intracellular and extracellular metal NPs. It has 

been proved that extracellular synthesis is more 

effective and simpler. There have been numerous 

reports on different bacteria producing metal 

nanoparticles. Lactobacillus plantarum helps in the 

synthesis process of ZnO nanoparticles. CuO 

nanoparticles synthesised with the help of Halomonas 

elongata shows antimicrobial activity against E. coli and 

S. aureus. Bacillus cereus was used to produce iron 

oxide nanoparticles, which demonstrated dose-

dependent anticancer effects [9]. Alpine Pseudomonas 

produced Pd nanoparticles that were catalytic in de-

chlorination processes. Several bacteria, notably 

Bacillus licheniformis, a lactic acid bacteria, can be 

produced by silver nanoparticles. After a 24-hour 

incubation period, the nanoparticle’s antibacterial activity 

was seen under the gram-positive bacteria 

Staphylococcus aureus and Streptococcus pyogenes as 

well as the gram-negative bacteria Escherichia coli, 

Pseudomonas aeruginosa, and Salmonella. 

Additionally, it was shown that it has antifungal efficacy 

against Candida albicans.  

 

5.2 Fungi mediated NP synthesis 

Examining fungi's function in nanobiotechnology 

is seen as essential. Fungi are gaining more attention in 

research on the biological production of metallic 

nanoparticles because of their adaptability and capacity 

to bioaccumulate metals [10]. Because fungi are 

especially good extracellular enzyme secretors, it is 

possible to synthesise vast numbers of enzymes [11]. 

Fungal metallic nanoparticles and nanostructure are 

produced by the biomimetic mineralisation process with 

the employment of reducing enzymes, either 

extracellularly or intracellularly [12, 13]. Metal NPs with 

various shapes and sizes were produced with the use of 

fungal biomass/cell-free extract [14]. Despite the use of 

various fungus species, varied NPs are synthesised in 

the same experimental criteria. Both metal and its oxides 

have been synthesised by using some potential strains 

of fungi which finds a way in biomedical, agricultural and 

industrial sectors.  
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The most common NPs to form are quasi-

spherical ones, although depending upon the metallic 

solution along with incubation conditions, other 

morphology can be attained. By using F. oxysporum, 

spherical silver NPs with a size of 20–50 nm were 

created [15]. This fungus's ability to reduce metal ions 

has been linked to shuttle Quinone extracellular 

processes and NADH-based reductases [16]. In addition 

to F. oxysporum, a large number of different fungal 

species were utilised to successfully synthesise metal 

nanoparticles. Significant results were determined from 

the fungus Rhizopus oryzae in producing metallic NPs 

[17]. It was possible to manipulate the form of gold 

NPs at RT by using fungi.  

 NP depends on various kinds and condensation 

of biomolecules that each fungus species produces and 

on various incubation conditions, precursor solutions 

and response time. Though with the use of fungal 

species, the antibacterial effectiveness of synthesised 

silver NPs was determined against bacteria and fungal 

diseases [18, 19]. High antibacterial activity was shown 

by the nanogold-bioconjugate made with R. oryzae 

against harmful bacteria such as P. aeruginosa, E. coli, 

B. subtilis, S. aureus, Salmonella sp., and the yeasts S. 

cerevisiae and C. albicans [20]. Metal ions includes 

some toxic substances, can be removed from ores and 

water which can be purified, and material synthesis were 

done by using the microbial process. Fungal production 

of nanoparticles is an innovative, economical, and 

environmentally beneficial method. Fusarium sp., which 

are fungi, are key players in the production of 

nanomaterials and can be viewed as a kind of nano 

factory. It has been discovered that fusaria are an 

adaptable system with the capacity to extracellularly 

synthesise nanoparticles [21]. Different Fusaria sp. can 

synthesise nanoparticles that are useful in both 

agriculture and medicine. A rapidly growing area of 

study, biomedical application has great promise for 

advancing human disease detection and care. In nano 

biomedicine, the scattered nanoparticles are typically 

used as fluorescent bio markers, medications and gene 

delivery agents [22, 24]. 

 

5.3 Yeast mediated NP synthesis 

The ability of yeasts, which are eukaryotic 

microorganisms, to ferment sugar, which entails 

producing metal nanoparticles with their reducing 

enzymes intracellularly or extracellularly, makes them 

key players in the food industry. The quick growth rate of 

yeast varieties and the utilisation of some basic nutrients 

have various benefits in the mass synthesis of metal 

nanoparticles, and yeast production is straightforward to 

control in lab settings [25]. Se, Au, CdS, Ag, and Ti 

nanoparticles are synthesised intracellularly by 

Saccharomyces pombe and Candida glabrata and 

numerous fields of use, including drug administration, in-

vivo imaging, biosensors, antibacterial, antifungal, and 

anticancer characteristics. The size and shape of NP 

depends on its saline conditions and the utilization of 

yeast cells [26]. Yeast cells are more advantageous as 

nano carriers due to its encapsulation mechanism. In the 

synthesis process the metal ions gets reduced when 

there is an increase in PH of the yeast cell and thereby 

the enzyme oxidoreductase gets activated. Based on the 

redox properties of yeast cells, the metal ions are 

reduced and hence there will be a strong nucleophilic 

reaction for the synthesis process [27]. Extracellular 

synthesis of AgNP were synthesized in the culture 

medium of 0.025 M silver nitrate solution which indicates 

that the presence of ATP’s and enzyme reductases 

enhances the synthesis process [28]. When the yeast 

cells, Pichia jadinii are exposed to HAuCl4 gold 

nanoparticles are produced with a strong inhibitory effect 

[29]. Recently SeNPs are synthesized from yeast cells 

intracellularly by raising the levels of sodium selenate in 

the culture medium [30]. Both extracellular and 

intracellular synthesis from yeast cells is enabled by 

centrifugation and lyophilization. In recent days, 

nanoparticles from yeast strains have found a broader 

applications in all fields. Due to its strong antibacterial 

property both silver and selenium are highly preferred as 

substitution for antibiotics [31]. There is an increase in 

anti-oxidant property with a minimum amount of sodium 

selenate (5g) with Saccharomyces cerevisiae [32]. 

 

5.4 Algae mediated NP synthesis 

Algae are a crucial group of photosynthetic 

micro-organisms both economically and 

environmentally. In general they are 

unicellular/multicellular species that lives in freshwater, 

marine water, or on the moist surface of rocks [33, 34]. 

The biosynthesis of nanomaterials from algae extracts is 

a reliable ecological, straightforward, and affordable 

process. Different groups of algae, including 

Chlorophyceae, Phaeophyceae, Cyanophyceae, and 

Rhodophyceae, have been used for the production of 

metallic NPs [35]. Secondary metabolites that originate 

from algae have been shown to convert metal precursors 

to nanoparticles. Synthesis may occur either 

intracellularly or extracellularly depending on the site of 

NP production. Numerous biomedical applications, 

including anti-cancerous, anti-bacterial, anti-fungal, 

biological remediation, and biosensing properties, have 

been examined for the algal biosynthesised NPs. 

 

6. Potential techniques and methods in 

nanoparticle synthesis 

Materials that fall between 1-100 nm in size are 

classified as nanomaterials. A prime example of a 

recently developed technology is nanotechnology, which 

offers designed nanomaterials with enormous potential 

for creating goods with significantly better performance. 

Nanomaterials' exact composition, size, and shape 
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determine their physical and chemical characteristics. 

An important theme of nanoscience and nanotechnology 

is the fabrication of nanomaterials and nanostructures. 

Only when nanostructured materials with appropriate 

dimensions, form, morphology, crystal structure, and 

chemical composition are made available will new 

physical attributes and uses of nanomaterials be viable. 

In order to research the unique features and phenomena 

of nanomaterials and realise their potential utilisation in 

science and technology, their production and process 

are the fundamental challenges in nanoscience and 

nanotechnology. Numerous technical techniques have 

been investigated for the purpose of creating 

nanomaterials. The synthesis of nanoparticles are done 

in two general ways [36]. 

 Top down  

 Bottom up  

Top-down techniques are simple and rely on 

either miniaturising bulk production or removing bulk 

material to create the structure of choice with in the right 

attributes. Mechanical milling, laser-induced ablation, 

plasma sputtering and electro-explosion are examples 

of top-down techniques. The chemical production of 

nanoparticles is the primary application of the bottom-up 

approach. In this case, molecules, atoms, or clusters 

serve as the smaller building blocks from which 

nanostructures are constructed. The bottom-up strategy 

includes the solgel method, wet chemical process, spray 

conversion, chemical and physical vapour deposition. 

 

7. Etiologic of UTI & Uropathogens  

Urinary tract infections are thought to have a 

well-established and largely consistent microbial 

aetiology. Underlying host variables that worsen UTI, 

such as age, obesity, body sugar levels, brain damage, 

or catheterization, also have an impact on the aetiology 

of UTI. E. Coli is the primary cause under community-

based symptomatic UTIs in older women [37]. 

Enterobacteriaceae are mostly recognised in children 

with simple UTIs. The most common bacteria linked to 

diabetes patients are Enterococcus sp., class B 

streptococci, and Klebsiella sp. Proteus mirabilis and 

Pseudomonas are two more prevalent uropathogens. 

Simple infections account for most cases of UTIs. When 

patients exhibit anomalies related to function, 

metabolism, or structure, UTIs are deemed complex. E 

coli accounts for 80% of the causal microorganisms 

associated with uncomplicated cystitis, while 

S.saprophyticus accounts for 5% - 15% of the infections. 

Complex UTIs have a more varied and oftentimes 

polymicrobial aetiology. Urinary blockage, neurological 

disease-related urine retention, immune suppression, 

failure of the renal system, kidney transplantation, 

pregnancy and presence of foreign materials like calculi, 

indwelling catheters or other drainage devices are 

considered as complications of a complicated UTI [38]. 

It is more likely for certain people to get from others. 

Individuals with diabetes may experience immune 

system modifications that exacerbate their susceptibility 

to urine infections. UTIs are common among those who 

have obstructions in their urinary tract, like kidney 

stones. 

A UTI can also result from a man's enlarged 

prostate gland obstructing the flow of urine. A UTI is 

more likely to occur in babies who were born with a 

urinary tract abnormalities. Sometimes surgery is 

required to fix the issue. 

 A UTI is more likely to occur in babies with a 

urinary tract abnormalities. Sometimes surgery is 

required to fix the issue. Long-term urinary catheter 

(CAT) users are highly vulnerable to urinary tract 

infections (UTIs). It is because the bladder might 

become infected by bacteria on the catheter. Compared 

to men, women are more likely to have UTIs. This could 

be because women's urethras are shorter than men's, 

which facilitates bacteria's quicker passage into to the 

bladder. A larger prostate gland can obstruct the flow of 

urine, which can result in a man getting a UTI. Girls are 

more likely than males to get UTIs, especially among 4 

to 8 years [39]. Both symptomatic and asymptomatic 

UTIs are possible, however asymptomatic bacteriuria 

(ASB) is more serious because it doesn't cause any 

symptoms [40, 41].  

Globally, UTIs and their consequences account 

for approximately 150 million deaths annually [42, 43]. 

Preventing problems from bacteriuria in pregnant 

women requires screening for early identification and 

treatment. It has been observed that between 2 and 41% 

of pregnant women had bacteriuria overall [44]. E. coli 

was the most frequent microbe implicated in the genesis 

of ASB and UTI amongst pregnant women (63.2 and 

61.6%). Pregnant women in India (7.3%), Bangladesh 

(10.2%), Nepal (8.7%), and Ethiopia (21.2%) and 

Nigeria (24.7–45.3%) had higher prevalence of ASB [45, 

46]. Approximately 1-3 percent of young women have a 

UTI. E. coli was the most frequent bacteria causing ASB 

in women [47]. It is the primary cause for ASB in 77% of 

young American women who are sexually active, 72% of 

school-aged girls, and 65–84% in pregnant women [48, 

49]. Prevalence rate of various uropathogens under 

different microbial genera is shown in table 2. 

 

7.1 Epidemiology of gram positive bacteria in 

UTI 

Numerous species, such as Gram positive 

microbes Staphylococcus saprophyticus, Enterococcus 

faecalis, and Streptococcus agalactiae, are linked to 

simple UTIs. It is more common to find gram-positive 

bacteria as UTI causative agents. Gram-positive 

uropathogens that cause simple UTIs have symptoms 

that are comparable to those of Gram-negative 

organisms [51].  
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Table 2. Prevalence rate of different species of 

major gram positive, gram negative and fungal 

genera in causing Urinary Tract Infection [50]. 

Bacterial 

type 

Microbe Prevalence 

rate 

 

 

 

 

 

 

Gram +ve 

 

Enterococcus faecalis 5-10 % 

Staphylococcus 

saprophyticus 
1-5 % 

Staphylococcus 

aureus 
1-3 % 

Streptococcus 

agalactiae 
1-3 % 

Streptococcus 

viridans 
<1% 

 

Mycobacterium 

tuberculosis 
<1% 

 

 

 

 

 

Gram -ve 

 

Escherichia coli 70-90 % 

Klebsiella 

pneumoniae 
5-15 % 

Proteus mirabilis 5-10 % 

Pseudomonas 

aeruginosa 
1-5 % 

Enterobacter spp. 2-5 % 

 

Fungal  

 

Candida albicans 5-10 % 

Other Candida 

species 
5-10 % 

 

7.1.1 Staphylococcus  

Gram-positive bacteria with a yellow pigment 

called S. saprophyticus is responsible for 5% to 20% of 

UTIs acquired in the community along with 42% of UTIs 

in women aged 16 to 25 [52]. At any given time, S. 

saprophyticus colonises the rectum, urethra, and cervix 

in over 40% in young, sexually active women [53]. Males 

rarely have UTIs from S. saprophyticus infections 

without other aggravating factors, although they have 

been linked to urethritis and as much as to 17% of 

prostatitis [54, 55]. The majority of male UTIs brought 

about by S. saprophyticus are seen in the elderly or in 

institutionalized areas [56]. With S. saprophyticus, 

approximately 40% of individuals suffers with acute 

pyelonephritis; the symptoms are identical to those 

associated with E. coli in magnitude [57, 58]. Prenatal 

women and those using urinary catheters are more likely 

to get S. aureus UTIs than S. saprophyticus UTIs, which 

are mostly brought on by community-acquired UTIs [59, 

60]. Coagulase-negative as a component of the human 

skin microbiome, S. epidermidis is a significant 

opportunistic uropathogen, particularly in biofilm-

associated urine infections linked to indwelling medical 

implants [61]. 2.5% of CAUTI are linked to CoNS, which 

includes S. epidermidis, and is a major source of 

hospital-acquired infections [62].  

 

7.2 Enterococcus 

Although E. faecalis and E. faecium of 

Enterococcus were not the primary cause of most 

community-acquired UTIs, they together account for 

15%-30% in catheter-associated UTIs, they are the third 

most common cause of UTIs obtained in hospitals [63, 

64]. Diabetic individuals have a high risk of UTIs mainly 

from Enterococcus spp., which also account for 13% of 

ASB among diabetics and 4.9% in non-diabetic persons 

[65, 66]. Prostatitis, of which enterococci cause up to 

10% of cases, is another condition for which diabetes is 

a risk factor [67, 68]. Over time, E. faecalis-related UTIs 

have become more common; currently, the ratio of E. 

faecalis UTIs to E. faecium UTIs is 5:1 [69]. CAUTI rarely 

manifests symptoms, in contrast to rising UTI. 

Additionally, bladder edema, urothelial injury, dysuria, 

and urine urgency can result from catheterization alone, 

even when there is a lack of bacterial infection [70]. 

Comparing CAUTI linked to Gram-negative bacteria to 

those linked to Gram-positive species, including 

enterococci, shows that the latter are more inflammatory 

as indicated by leukocytes within the urine [71].  

 

7.3 Streptococcus  

A usual asymptomatic resident of lower 

gastrointestinal and female reproductive system, 

Streptococcus agalactiae is often referred to be a group 

B Streptococcus (GBS), to the gram-positive β-hemolytic 

chain-forming coccus. It is estimated that between 1% 

and 2% among all monomicrobial UTIs are caused by 

GBS [72]. In addition to the elderly, pregnant women, 

diabetics, and people with impaired immune systems are 

particularly at risk for ASB and UTI brought on by GBS. 

With over 160,000 cases each year in the US, the 

prevalence of GBS UTIs is a serious public health 

concern [73]. According to estimates, there are 4.4 

systemic GBS infections for every 100,000 people; 

urosepsis accounts for 14% of these infections [74]. It 

has been calculated that as many as 7% of prenatal 

women exhibit large titer of GBS in their urine, compared 

to the 1% to 2% [75] estimate for the proportion of GBS 

associated UTIs in young, non-pregnant populations. 

According to previous research, infants born to mothers 

having low-titer GBS bacteriuria are more likely to get 

GBS disease than babies born to mothers without 

detectable GBS in their urine. A urine culture for GBS is 

thought to test positive in 4% of women who tested 

negative for rectal/vaginal colonisation [76, 77]. GBS-

related UTIs are widespread in the elderly and almost 

ten times more common than GBS neonatal infection. In 

addition, older adults (∼15%) have greater mortality 

rates of invasive GBS infection than do young infants 

(4%–6%) [78].  

 

7.2 Epidemiology of gram negative bacteria in 

UTI 
Uro-pathogenic E. Coli infestations are a major 

health concern for humans, with tens of billions of US 
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dollars in societal expenses each year. Recurrence and 

prolonged infection are brought on by an increasing 

resistance towards synthetic or natural medicines, which 

also leads to the formation of novel and more dangerous 

infections. To combat UPEC infections, there are direct 

and indirect methods. The various facets of UPEC 

infection will be taken into account in the continuous 

quest for novel and more potent antibiotics as well as the 

identification of natural compounds from plants, fungi, 

and non-pathogenic bacteria. Bacteria in the IBC 

(Intracellular bacterial communities) can replicate 

readily, with up to 105 bacteria per cell. These bacteria 

undergo morphological changes, exit the infected cell, 

and infect other cells. 

 

7.2.1 Escherichia coli 

 Highly prevalent causative agent of urinary tract 

infections in humans is Escherichia coli and its 

resistance against antibiotics is increasing globally. The 

microbe’s virulence factor 1, such as the bacterial 

capsules, fimbriae, flagella, iron scavenging receptors, 

lipopolysaccharide (LPS) and toxins that disrupt the host 

cellular process are responsible for the infection caused 

by E. coli. These factors are also linked to the disruption 

of the most widely used and well-known antibiotics 

employed in treating uro-pathogenic E. coli (UPEC) 

infections [79]. UPEC infections cause a considerable 

increase in antibiotic resistance in UTI patients. Between 

70 and 95 percent of infections in the urinary tract are 

associated with E. coli. The majority of identified 

antibacterial treatments can cause the bacteria to 

become resistant. Globally it is estimated that 150 million 

people get UTI each year [80]. Patients in the 20–39 age 

range are more likely to have UPEC, with a higher 

number of female patients. The resistance of UPEC 

isolates to several class of antibiotics used to treat UTIs 

is highly prevalent. It has been shown that E. Coli is more 

sensitive for imipenem and meropenem. Between 2011 

and 2020, ampicillin resistance increased dramatically to 

97.1% [81, 82]. The drugs with highest rate of E. coli 

resistance were ampicillin and cotrimoxazole, whereas 

the rate of cefotaxime resistance grew to 38.8% (2011–

2013) to 66.7% (2018–2020). Treating children's UTIs is 

severely limited by the increase in cephalosporin 

resistance [83, 84]. With a sensitivity of around 25%, the 

combined use of amoxicillin with clavulanic acid 

(Augmentin) produced comparable outcomes. When it 

comes to E. Coli sensitivity, medicines belonging to the 

carbapenem class, such imipenem and meropenem, 

ranked second.  

 

7.2.2 Pseudomonas sp 

An growing percentage of infections obtained in 

the contemporary hospital context are caused by 

Pseudomonas aeruginosa. 36 infections occur for every 

10,000 hospital discharges, making up 8.5070 from all 

nosocomial infections. It's doubtful that clinical 

microbiologists overlooked P. aeruginosa because it's so 

simple to cultivate and identify. Hence, changes in 

patient susceptibility as well as advancements in the 

field of life sciences are likely responsible for the notable 

shift in P. aeruginosa' s significance as a nosocomial 

infection. 

The third most frequent infection linked to UTIs 

acquired by catheter use in hospitals is P. aeruginosa 

[85]. The pathophysiology of P. aeruginosa infection has 

been linked to virulence factors, and strains of P. 

aeruginosa that produce pyochelin or pyoverdin, two 

virulence determinants were recovered from patients 

with urinary tract infections [86]. Hemolysin production 

and renal colonisation are directly correlated, as 

demonstrated by the significantly higher renal bacterial 

counts and notable tissue damage observed in 

uricolates of P. aeruginosa compared to low producers. 

Uro-isolates also produce significant amounts of 

alginate, siderophores, exoenzymes, and hemolysin. 

Pseudomonas aeruginosa is known for developing 

biofilms on the surfaces of urinary catheters. The 

bacterium grows in a series of microcolonies, which 

eventually combine to form biofilms [87, 88]. The most 

significant component in P. aeruginosa biofilms is 

alginate, an acetylated polymers from beta-d-

mannuronic acids and alpha-l-guluronic acids. Biofilms 

are actually immune to antimicrobial agents and host 

defence mechanisms, making them difficult to remove. 

They also contribute to the pathogenicity in P. 

aeruginosa because they frequently result in recurrent 

and persistent infections [89, 90]. 

 

7.2.3 Proteus sp 

Catheter-associated UTI (CAUTIs) are 

generally polymicrobial infections caused by Proteus 

mirabilis, a rod shaped gram-negative bacteria well 

known for its swarming motility and high urease activity. 

P. mirabilis is classified as a member of the class 

Gamma proteobacteria and it has identified as a member 

of the family Enterobacteriaceae (Enterobacteriales). 

Urolithiasis, the growth of kidney or bladder stones 

brought on by the alkalinization in urine by an enzyme 

catalysed urea hydrolysis (urease), may accompany 

infections. Catheter-associated UTI (CAUTI) are 

infections of the urinary system caused by the 

colonization of proteus spp. Although it causes infections 

in eye, gastrointestinal tract and wounds it is most 

commonly associated with urinary tract infections [91, 

92]. The urinary catheter surface becomes rapidly fouled 

by P. mirabilis (PM), an agent that causes catheter 

biofilm formation. This bacteria can penetrate the 

epithelial cells of bladder and thereby releases a range 

of cytotoxins that cause destruction to the epithelium and 

serious histopathology. 70% instances of bacteria-

induced stone growth have been linked to the isolation 

of Proteus species [93]. The urease activity and catheter 

encrustation in the mouse model of CAUTI appear to be 
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the main causes of the more severe cystitis that ensues 

from P. mirabilis infection [94]. Particular renal pathology 

is typically the outcome of P. mirabilis infection. 

Pyelonephritis, reflux in the vesicoureteral tract, 

bacteriuria, increased infection, and possibly septicemia 

are all caused by crystals that accumulate in the catheter 

biofilm and may eventually obstruct the lumen and 

hence preventing the normal flow of urine and causing 

complications like painful bladder distension and urinary 

incontinence [95]. Because the majority of patients 

having  

Blocked catheters had PM infections, and 62% 

of individuals having crystal catheters suffered from 

bladder stones, it is generally accepted that the 

formation in crystalline biofilms supports the likelihood of 

bladder stones [96]. 

 

8. Diagnosis and treatment of UTI 

Even while laboratory tests can predict the 

likelihood of a UTI, a precise diagnosis necessitates 

thorough assessment of the patient symptoms in 

addition to the test results. The three most typical signs 

in UTI’s are dysuria, urgency, and frequency. Hematuria, 

vaginal, suprapubic, and urethral discomfort are other 

symptoms. It is crucial to remember that generalised 

symptoms such fevers, vomiting, nausea, flank pain, and 

upper back pain, can signify that an infection has spread 

towards the upper part of the urinary tract and shouldn't 

be treated like a simple UTI. When ruling in a UTI, 

hematuria was probably the most helpful symptom; 

when ruling out a UTI, dysuria, the frequency, & urgency 

constituted the most helpful symptoms [103]. The normal 

signs of a UTI may not be as diagnostic in older persons. 

While ageing increases the likelihood of UTIs, older 

women who do not have UTIs typically have higher 

levels of less severe symptoms of the urinary tract, like 

urgency and frequency that might be mistaken for UTIs. 

The study discovered a substantial correlation 

between positive urine cultures and symptoms related to 

the upper urinary tract, including costovertebral 

discomfort, rigours, fever, dysuria, frequency, and 

suprapubic and flank pain. Compared to younger 

women, older adults may have distinct signs and 

symptoms. Urgency, frequency, incontinence, and 

trouble emptying the bladder were the symptoms 

associated with urine storage that were evident in 

postmenopausal women, while premenopausal women 

showed more normal symptoms including dysuria and 

frequency [104]

 

Table 3. Effectiveness of Antibiotics with respect to bacterial susceptibility (Antibiotics- a, b, c, d, e, f, g, h, i, j 

and Antifungal- k, l, m) against Uropathogens (a- fluroquinolones, b- nitrofurans, c- β lactams, d- 

aminoglycosides, e- oxazolidixones, f- hydroxy quinolines, g- glycopeptides, h- polypeptides, i- sulfonamides, j- 

carbapenem, k- triazoles, l- polyenes, m- imidazoles). 

Pathogens Existence 

rate (%) 

Antibiotics Sensitivity 

rate (%) 

References 

Escherichia coli 63.4 

Ciprofloxacin a 59.1 

[97, 98, 99] Nitrofurantoin b 57.6 

Ceftriaxone c 50 

Klebsiella pneumoniae 23.2 Ciprofloxacin a 50 [97, 99] 

Proteus mirabilis 17 
Amikacin d 80.3 

[97, 99] 
Meropenem j 73.8 

Pseudomonas 

aeruginosa 
17 

Amikacin d 87.5 [97, 99] 

 Imipenem c 83 

Enterococcus faecalis 14.2 

Ampicillin c 

73 [97, 99] 
Linezolid e 

Nitroxoline f 

Vancomycin g 

Staphylococcus aureus 3.3 
Colistin h 

100 [100] 
Trimethoprim/Sulfamethoxazole i 

Streptococcus spp. 8 

Augmentin c 

85 [100] 
Ampicillin c 

Cephalexin c 

Penicillin c 

Candida albicans Less common 

Fluconazole k 80.9 
[101, 102] 

 
Amphotericin l 76.9 

Clotrimazole m 80.9 
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Figure 4. Graphical representation of antibiotics sensitivity rates of different pathogens.(Antibiotics- a, b, c, d, e, f, 

g, h, i, j and Antifungal- k, l, m), (a- fluroquinolones, b- nitrofurans, c-  lactams, d- aminoglycosides, e- 

oxazolidixones, f- hydroxy quinolines, g- glycopeptides, h- polypeptides, i- sulfonamides, j- carbapenem, k- 

triazoles, l- polyenes, m- imidazoles). 

The likelihood of a urinary tract infection has 

decreased to 39% in institutionalised women having 

dysuria and only one clinical characteristic compared to 

63% among those with a minimum of one additional 

symptom. Because the probability in symptomatic UTI is 

just 1% to 2%, the symptoms and indicators of the illness 

during pregnancy have not been thoroughly examined 

[105]. Also, pregnant women do not require treatment for 

bacteriuria prior to symptom onset. This is because, 

typically as an effect of ureteric dilatation brought on by 

increased progesterone, asymptomatic bacteriuria 

frequently develops into pyelonephritis during 

pregnancy.  

Diagnostic tests of UTI’s includes urine analysis 

(WBC’s, nitrites and other variables), urine culture (for 

bacterial growth), ultrasound (imaging of internal 

organs), CT (cross section and 3D images), cystoscopy 

(bladder visualization through cystoscope).  

 

9. Existing Antibiotic Therapy 

One major concern for public health is 

antimicrobial resistance (AMR), which is a component of 

the problem of bacterial infections. Treating individuals 

with bacterial infections requires the use of antibacterial 

medicines. But pathogenic bacteria's developing 

resistance to antibiotics is limiting their efficiency and 

raising the risk that antibiotic therapy won't work as 

intended. The PD (pharmacodynamic) activity of various 

class of antimicrobials against UTI causing pathogens 

are listed in Table 3 and the same data is represented in 

graphical format in figure 4. The need for appropriate 

treatment of major bacterial infections, particularly in 

patients receiving intensive care, heightens the urgency 

of antimicrobial resistance (AMR). Depending on the 

diagnosis, anti-bacterials must be given in these 

situations as soon as feasible, ideally within hours [106, 

107]. One of the main tenets of modern medicine is the 

practical application of antibiotics for the treatment of all 

bacterial diseases. It should be emphasised however, 

that the original (non-targeted) antibiotic therapy is often 

required when administering antibiotics, followed by the 

identification of an etiological microbe and determination 

of its susceptibility for antibacterial drugs. Much of the 

therapy with antibiotics, either as a whole or in particular 

patient subgroups, is incorrect. Antimicrobial drug use 

was 49.5% of the patient population. Fifty-six percent of 

patients getting fluoroquinolones and intravenous 

vancomycin for urinary tract infections or community-

acquired pneumonia did not receive enough antibiotics. 
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A restricted number of chemicals or antibiotic classes 

used too frequently may lead to an emergence in 

selective pressure which leads to the development of 

antimicrobial resistances. Additionally, the prolonged 

use of specific antibiotic classes increases the chance of 

resistant bacteria emerging [108]. Extended spectrum β-

lactamase (ESBL) producing / β-lactam-resistant gram-

negative bacteria, Clostridioides difficile and 

vancomycin-resistant Enterococcus faecium [109] have 

all been linked to future infections after cephalosporin 

[110] use. Quinolone use has been associated with 

growth in quinolone resistant in gram-negative bacilli, 

Pseudomonas aeruginosa and infection in methicillin-

resistant Staphylococcus aureus [111, 112]. Varying the 

types of antibiotics prescribed to patients and avoiding 

those that are linked to a higher risk on resistance 

induction are two possible ways to lower the likelihood of 

an antimicrobial resistance resurgence. In nanoscience, 

sensors and imaging methods facilitate the diagnostic 

process. These methods include Nano sensors: 

Instruments with excellent sensitivity and specificity for 

pathogen identification, Imaging Nanoparticles: 

Instruments such as quantum dots for in vivo bacterial 

identification and  

Chip-based lab systems: platforms that are 

smaller for quick diagnostics. Using Nano carriers, nano-

antibiotics improve drug delivery and illness treatment 

efficacy: Drugs are delivered to infection areas by 

liposomes, dendrimers, and polymeric nanoparticles. 

Antimicrobial-containing nanoparticles: 

Nanoparticles from metals such as gold, silver, and zinc 

oxide have direct antibacterial properties. Targeted 

delivery is a sophisticated approach that ensures site-

specific release of antibiotics contained in nanoparticles.  

Combination Treatments: Using nanoparticles in 

conjunction with traditional medications to fight 

resistance and Smart Systems: Drug-releasing 

responsive nanoparticles that react to infection cues. 

 

10. Nano antibiotics and its application 

against uropathogens 

The term "nano antibiotics" (nAbts) refers to 

molecules with special physicochemical characteristics 

that either give them inherent antibacterial action or 

enable them to act as drug delivery vehicles. It has been 

discovered that antimicrobial nanoparticle serves as a 

new alternative for traditional antibiotics. By virtue of 

their inherent antimicrobial properties, these nAbts are 

able to eradicate bacteria within diseased cells. Since 

they are employed to convey medications to the action 

site, they are also known as nanocarriers. Different metal 

nanoparticles and ceramic nanoparticles can be 

combined with traditional antibiotics to target numerous 

causes of microbial death.  

When there is a severe shortage of new 

medicines, the threat posed by the increasing incidence 

of antibacterial resistance is constant. nAbts are 

physicochemical conjugation of antibiotics with tiny 

particles or artificially synthesised pure molecules of 

antibiotics in sizes of ≤100 nm with at least one 

dimension ("Nano on Reflection" 2016) [113]. The 

efficiency of killing bacteria is determined on the kind of 

surface charges and their densities, which makes the 

combination of antibiotics and designed NPs essential. 

Antibiotic-functionalized negatively charged particles 

have been the subject of experimentation primarily to 

enhance the antibacterial capabilities of Nano 

conjugates. Antibiotic medicines currently in use have 

made extensive use in both inorganic and organic nAbts 

(metals, oxides, and carbon-based). A single dose of 

nAbts can provide the added benefit of a target-specific, 

regulated prolonged release, which is not possible with 

most conventional antibiotics. Instead, numerous doses 

of nAbts are required in a systematic release. To combat 

antibiotic resistance, several NPs have been 

functionalized and stabilised using various antibiotic 

molecule types [114, 115]. While addressing drug-

resistant microbes that produce numerous antibacterial 

mechanisms, NPs have additional functions when 

compared to the therapeutic effect of a single drug or 

many medicines together. The greatest threat to all types 

of antibiotics is posed by multidrug-resistant bacteria. 

Additional benefits for the efficient and quick death of 

germs come from the synergistic release of antibiotics 

from NPs or from the many medicines placed on NPs. 

The most extensively researched antibiotic currently in 

use is vancomycin (van), an extremely cross-linked 

branching of glycopeptide antibiotic, extensively 

investigated for its in vivo as well as vitro activity in 

biofilm forming pathogen, in conjunction to the synergy 

of nanostructured systems [116, 117]. Vancomycin is not 

efficient against Gram-negative pathogens, while being 

largely utilised against the Staphylococcus genus [118]. 

Nonetheless, the conjugates of the NPs and van have a 

synergistic effect that can effectively eradicate most 

gram-negative germs and certain multidrug-resistant 

bacteria. Without releasing itself from the nanoconjugate 

systems, van prevents gram-positive bacteria from 

synthesising chemicals from their exterior cell wall which 

is covalently bonded to the biomaterials. Van attaches to 

microbial cell wall components with efficiency, attaching 

more preferentially with D-Ala-D-Ala end moieties found 

in the peptidoglycan of a bacterium, which inhibits cell 

development [119]. Several hydrophobic or hydrophilic 

holes are formed by dendrimers, which, depending on 

the functional moieties that make up the bioactive 

terminal surface groups, can encapsulate one or more 

antibiotics at once. Lipid-coated nAbts can be chemically 

functionalized by trapping amphiphilic antibiotics 

concurrently since they have both hydrophilic and 

hydrophobic cores. Metallic nanoparticles and antibiotic 

compounds create non-covalent hydrogen bonds. The 

primary method by which these metal-molecule 
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conjugates kill bacteria is by physically breaking down 

the cell membrane through surface adhesion and 

passive diffusion [120]. The most researched and often 

utilised metals for nano formulations are silver and gold 

[121, 122, 123]. Metal-oxide nanoparticles (MONPs) are 

distinguished by their special qualities, which include 

stability in their net negative surface charge, resistance 

to swelling, ease of entrapment between hydrophilic and 

hydrophobic antibacterial agents, ease of 

functionalization with a wide range of drug molecules 

and precise engineering towards custom-built particle 

morphology. Due to some surface interactions such as 

hydrogen bonding, dipole-dipole attraction, and van der 

Waal’s contact paramagnetic species such as iron oxide 

NPs are frequently found in the form of MONPs, can 

offer high efficient drug entrapment. But adding 

antibiotics (like vancomycin) to them can make them 

extremely effective antibacterial agents [124]. There is 

not much literature available on carbon-based nAbts 

[125, 126]. A carbon nanotube (CNT) and a NGO 

(nanographene oxides) is stuck inside the cell after 

physically breaching the membrane. The abts that carry 

drugs cannot be ejected by the efflux pumps. The 

superior biocompatibility, bio-uptake capacity, 

biodegradability, and non-toxicity of Chitosan-based 

(CS) nAbts make them an attractive option for the 

functionalization and administration of antibiotics [127]. 

E. Coli and Staphylococcus sp. can be eliminated by 

Chitosan treated with penicillin or gentamicin. While 2,6-

Di-amino chitosan (2, 6-DAC) exhibits restricted 

biocompatibility, its hydrophilicity is greatly enhanced 

when combined with novobiocin. In conjunction with the 

negative surface charge in the bacterial cell membrane, 

the net higher positive charges on the surface of CS-

nAbts facilitates improved surface binding. In and of 

themselves, the majority of polymeric NPs have 

antibacterial properties [128, 129]. Antibiotics with poly 

(D, L-lactide-co-glycolide)-enabled extended 

permeability & retention (EPR) primarily target an 

infection or wound site and several biological 

components of the bacterial cell, as well as reducing the 

burden of antibiotic resistance . Clinical investigations 

have demonstrated the effective reduction of infectious 

organisms like Chlamydia trachomatis, with PLGA (poly 

lactic-co-glycolic acid) nAbts with prolonged release and 

delivery of drugs within chlamydial complex [130, 131]. 

Mesoporous silica offers a prime illustration of a 

nanoscale particle that encapsulates antibiotics within 

porous media. Differential drug release is an exceptional 

characteristic of mesoporous nano absorptive beads 

that sets them apart from other kinds. In order to address 

some of the difficulties associated with functionalized 

pharmaceuticals containing NPs, many different forms of 

NPs are principally conceived and subsequently 

produced [132, 133, 134]. Reducing non-specific release 

of antibiotic concentration, fostering delivery of multiple 

antibiotics, preventing toxicological effects, enhancing 

colloidal dispersion stability, binding through a particular 

ligand and surfactants (surface-active) category, 

biodistribution of a drug , improvising localised delivery 

of functionally active compounds, biodegradability and 

biocompatibility and so on are some of the things that 

are included with functionalized nano antibiotics.  

 

10. Antibacterial nano formulations 

NPs and antibiotics work together to inhibit the 

development of bacterial resistance, hence using NPs 

along with antibiotics is thought to be one way to do this. 

When used in conjunction with NPs, antibiotics are 

highly effective against both gram-positive and gram-

negative bacteria. Due to their QQ (quorum quenching) 

characteristics, NPs disrupt virulence components in 

bacteria, including pigments, digestive enzymes, 

exopolysaccharides, and toxins. Smaller than 350 nm, 

NPs are able to penetrate biofilms. The surface charge 

of NPs affects how they interact with bacteria and 

biofilms. Positively charged NPs typically pierce biofilms 

more effectively. Numerous studies have examined the 

antibiofilm qualities of various metallic and non-metallic 

NPs. Among these silver [135, 136], gold [137, 138, 

139], iron [140] and copper [141] nanoparticles are 

coupled to antibiotics such as ampicillin, vancomycin, 

ciprofloxacin and gentamycin which were analysed 

against both gram +ve and gram -ve isolates. Similarly 

the efficiency of metal oxide nano-formulations like 

oxides of zinc and titanium [142] were studied for multi 

drug resistance against E.coli, S. aureus, Klebsilla spp. 

and Staplylococcus spp. Based on the previous studies, 

the MIC (minimum inhibitory concentration) of the 

nanoparticle- antibiotic system for composite particles 

shows higher efficacy for anti-microbial resistance for 

infectious diseases when conjugated with commercial 

antibiotics with minimum toxicity rates. From the above 

given references, it is understood that the anti-microbial 

resistance(AMR) for the nanoparticle coupled antibiotic 

system shows higher sensitivity rate than existing 

antibiotics (Amp, Van, CIP, Gen). Among gram negative 

bacteria Proteus mirabilis shows higher PD activity for 

Fe3O4-PEG nano composite with gentamicin and with 

ampicillin E.coli shows high sensitivity for AgNP’s. 

Similarly the gram positive bacteria S. epidermidis 

shows higher sensitivity rate nano composite- antibiotic 

system (Fe3O4-PEG- Gen) followed by M. luteus (Amp-

AgNP) and E. fecalis (CIP-AuNP). Among metal nano 

particles K. pneumoniae shows higher activity with 

gentamicin coupled with copper nano particle. 

 

12. Potential risks and ethical 

considerations in nAbts development 

Although the advancement of nano-antibiotics 

shows potential, there are a number of possible hazards 

and ethical issues that should be carefully considered: 

Toxicity and Biocompatibility: Due to their 

distinct physicochemical characteristics, nanoparticles 

may be immunotoxic, cytotoxic, or genotoxic to people. 
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They can pass through biological barriers due to their 

small size, which could have unforeseen consequences; 

Long-term environmental effects could result from the 

disruption of microbial populations and other life forms 

caused by aggregated nanoparticles within soil and 

water environments; Antibiotic Resistance: Excessive or 

improper usage of nano-antibiotics may increase 

bacterial resistance, exacerbating the current 

antimicrobial resistance (AMR) issue; Absence of Long-

Term Studies: One major obstacle to the widespread use 

of nanoparticles is the lack of knowledge on their long-

term effects on the environment and human health. 

Some of the ethical considerations under nAbts 

includes, 

 

Equity in Access:  

The high expenses of developing and producing nano-

antibiotics may prevent low-income and underprivileged 

groups from having access to them, posing a problem 

for global health inequity 

 

Ethics of Clinical Trials 

Given the ambiguities surrounding the long-term 

safety of nano-antibiotics, it is imperative that informed 

consent and openness be guaranteed in trials employing 

these drugs  

 

Policy and Regulatory Obstacles 

Uncertainty surrounds the ethical application of 

nano-antibiotics due to the lack of standardised 

standards for assessment, approval, and monitoring. It 

is necessary to address issues with risk communication, 

marketing, and labelling 

 

Dual-Use Issues 

Biosecurity issues could arise from the possible 

misuse of nanotechnology, particularly nano-antibiotics; 

Environmental Justice: The manufacturing and removal 

of nanoparticles may have an unequal impact on some 

populations, raising moral questions regarding potential 

environmental damage in areas that are already at risk. 

 

13. Conclusion 

The increasing number of drug-resistant 

bacteria is rendering conventional antibiotics less 

effective. In light of these issues, scientific research is 

looking for a different strategy. In this sense, a 

medication delivery method based on nanotechnology 

that may lead to the development of nano antibiotics 

(nAbts) is viewed as advantageous in the 21st-century 

technological revolution. As time goes on, the recently 

developed field of nAbts will require a great deal of 

attention to produce new therapeutic medications. When 

it comes to durability, absorption, regulated release, 

circulation, and distribution, nAbts will outperform 

conventional antibiotics in a number of ways. 

Furthermore, nAbts will be affordable, practical, and 

flexible enough to meet the needs of the world of 

resistant antibiotics. All of the metallic and metal oxide 

nanoparticles that were previously discussed showed 

signs of possible antibiotic synergistic interactions. Their 

ability to work in concert with conventional antibiotics 

hasn't been thoroughly studied yet, though. 

Consequently, research ought to be done to ascertain 

their function as an adjuvant when paired with commonly 

prescribed antibiotics. Furthermore, research ought to 

be conducted on the amalgamation of nanoparticles 

(NPs) with additional antimicrobial chemicals, like 

disinfectants and plant essential oils, in order to explore 

further potential formulations targeting resistant strains 

of bacteria. A number of nAbts and treatments based on 

nanotechnology have been approved by the FDA in an 

attempt to combat issues like antimicrobial resistance 

(AMR). These include liposomal formulations, 

nanocrystalline versions of currently available 

antibiotics, and alternative delivery methods based on 

nanoparticles. The bioavailability, effectiveness, and 

targeted distribution of medications are enhanced by 

these improvements, which also lessen adverse effects. 

Patients with cystic fibrosis are treated for respiratory 

infections with Amikacin Liposome Inhalation 

Suspension (Arikayce®). Combining avibactam with 

aztreonam stops multidrug-resistant Gram-negative 

bacteria, such as those that produce metallo-β-

lactamases. In addition to investing in research to better 

understand the efficacy and safety of nanoscale 

substances used in medicine, the FDA intends to 

regulate nanotechnology goods within the frameworks 

now in place. Even though the emergence of nAbts 

seems promising, there are a number of possible 

hazards and moral dilemmas. These include issues with 

safety, toxicity, antibiotic resistance, the environment, 

regulations, and wider moral considerations [144].  

 

14. Future perspective 

The enhanced antibacterial efficacy of nano 

antibiotics presents a great opportunity for the 

replacement of conventional antibiotics. A thorough 

understanding of cellular absorption events is crucial for 

the creation of more effective nano antibiotics. Future 

research should focus on clarifying the physicochemical, 

biological, and pharmaco-toxicological characteristics of 

nano antibiotics in order to generate a safe and 

admissible medicines, as of now no FDA-approved 

products has been made accessible for extensive 

human usage. In the near future, despite its seeming 

difficulty, the sequential multistage targeting of metal 

and metal oxide nanoparticles in conjunction with 

conventional antibiotics against drug-resistant bacterial 

planktons may prove to be an effective therapeutic 

option to counteract antimicrobial resistance and 

revolutionise the field of nanomedicine. More work will 
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undoubtedly be needed to achieve the goal of more 

widespread and potent treatments and cures, but the 

outlook for drug delivery via nanoparticles is 

encouraging and should eventually produce promising 

medical products for antibiotic-modified carriers. These 

seem to be evolutionary improvements over current 

options rather than revolutionary discoveries. 

 

References 

[1] F.M.E. Wagenlehner, T.E.B. Johansen, T. Cai, B. 
Koves, J. Kranz, A. Pilatz, Z. Tandogdu, 
Epidemiology, definition and treatment of 
complicated urinary tract infections. Nature 
Reviews Urology, 17(10), (2020) 586–600. 
https://doi.org/10.1038/s41585-020-0362-4  

[2] X. Yang, H. Chen, Y. Zheng, S. Qu, H. Wang, F. 
Yi, Disease burden and long-term trends of 
urinary tract infections: A worldwide report. 
Frontiers in Public Health, 10, (2022). 
https://doi.org/10.3389/fpubh.2022.888205  

[3] S.S. Ray, J. Bandyopadhyay, Nanotechnology-
enabled biomedical engineering: Current trends, 
future scopes, and perspectives. 
Nanotechnology Reviews, 10(1), (2021) 728–
743. https://doi.org/10.1515/ntrev-2021-0052  

[4] D. Singh, S.K. Verma, V. Singh, P. Shyam, Green 
Functional Nanomaterials: Synthesis and 
Application. In Modern Nanotechnology, (2023) 
45–65. https://doi.org/10.1007/978-3-031-31104-
8_3  

[5] S. Jadoun, R. Arif, N.K. Jangid, R.K. Meena, 
Green synthesis of nanoparticles using plant 
extracts: a review. Environmental Chemistry 
Letters, 19(1), (2020) 355–374. 
https://doi.org/10.1007/s10311-020-01074-x  

[6] A.I. Osman, Y. Zhang, M. Farghali, A.K. 
Rashwan, A.S. Eltaweil, E.M.A. El-Monaem, 
I.M.A. Mohamed, M.M. Badr, I. Ihara, D.W. 
Rooney, P. Yap, Synthesis of green 
nanoparticles for energy, biomedical, 
environmental, agricultural, and food 
applications: A review. Environmental Chemistry 
Letters, 22(2), (2024) 841–887. 
https://doi.org/10.1007/s10311-023-01682-3  

[7] B. Koul, A.K. Poonia, D. Yadav, J. Jin, Microbe-
Mediated Biosynthesis of Nanoparticles: 
Applications and Future Prospects. 
Biomolecules, 11(6), (2021) 886. 
https://doi.org/10.3390/biom11060886  

[8] G. Grasso, D. Zane, R. Dragone, Microbial 
Nanotechnology: Challenges and prospects for 
green biocatalytic synthesis of nanoscale 
materials for sensoristic and biomedical 
applications. Nanomaterials, 10(1), (2019) 11. 
https://doi.org/10.3390/nano10010011  

[9] S.I. Tsekhmistrenko, V.S. Bityutskyy, O.S. 
Tsekhmistrenko, L.P. Horalskyi, N.O. Tymoshok, 

M.Y. Spivak, Bacterial synthesis of nanoparticles: 
A green approach. Biosystems Diversity, 28(1), 
(2020) 9–17. https://doi.org/10.15421/012002  

[10] B.S. Adeleke, O.M. Olowe, M.S. Ayilara, O.A. 
Fasusi, O.P. Omotayo, A.E. Fadiji, D.C. 
Onwudiwe, O.O. Babalola, Biosynthesis of 
nanoparticles using microorganisms: A focus on 
endophytic fungi. Heliyon, 10(21), (2024) 
e39636. 
https://doi.org/10.1016/j.heliyon.2024.e39636  

[11] E. Castro-Longoria, Production of Platinum 
Nanoparticles and Nanoaggregates Using 
Neurospora crassa. Journal of Microbiology and 
Biotechnology, 22(7), (2012) 1000–1004. 
https://doi.org/10.4014/jmb.1110.10085  

[12] A. Ahmad, S. Senapati, M.I. Khan, R. Kumar, R. 
Ramani, V. Srinivas, M. Sastry, Intracellular 
synthesis of gold nanoparticles by a novel 
alkalotolerant actinomycete, Rhodococcus 
species. Nanotechnology, 14(7), (2003) 824–
828. https://doi.org/10.1088/0957-4484/14/7/323  

[13] N. Durán, P. D. Marcato, O. L. Alves, G. I. De 
Souza & E. Esposito, Mechanistic aspects of 
biosynthesis of silver nanoparticles by several 
Fusarium oxysporum strains. Journal of 
nanobiotechnology, 3, (2005) 1-7. 
https://doi.org/10.1186/1477-3155-3-8  

[14] S. S. Shankar, A. Ahmad, R. Pasricha, M. I. 
Khan, R. Kumar & M. Sastry, Immobilization of 
biogenic gold nanoparticles in thermally 
evaporated fatty acid and amine thin films. 
Journal of colloid and interface science, 274(1), 
(2004) 69-75. 
https://doi.org/10.1016/j.jcis.2003.12.011  

[15] A. Elsayed, K. Hashish, A.D. Sherief, Production 
and characterization of silver nanoparticles 
synthesized BY nanoparticles synthesized by 
Fusarium oxysporum Fusarium oxysporum. 
Journal of Environmental Sciences, 44(4), (2015) 
681-691.  

[16] P. Mukherjee, A. Ahmad, D. Mandal, S. Senapati, 
S.R. Sainkar, M.I. Khan, R. Parishcha, P.V. 
Ajaykumar, M. Alam, R. Kumar, M. Sastry, 
Fungus-mediated synthesis of silver 
nanoparticles and their immobilization in the 
mycelial matrix: A novel biological approach to 
nanoparticle synthesis. Nano Letters, 1(10), 
(2001) 515–519. 
https://doi.org/10.1021/nl0155274  

[17] S.K. Das, A.R. Das, A.K. Guha, Microbial 
synthesis of multishaped gold nanostructures. 
Small, 6(9), (2010) 1012–1021. 
https://doi.org/10.1002/smll.200902011  

[18] L. Jaidev, G. Narasimha, Fungal-mediated 
biosynthesis of silver nanoparticles, 
characterization, and antimicrobial activity. 
Colloids and Surfaces B: Biointerfaces, 81(2), 
(2010) 430–433. 
https://doi.org/10.1016/j.colsurfb.2010.07.033  

https://doi.org/10.1038/s41585-020-0362-4
https://doi.org/10.3389/fpubh.2022.888205
https://doi.org/10.1515/ntrev-2021-0052
https://doi.org/10.1007/978-3-031-31104-8_3
https://doi.org/10.1007/978-3-031-31104-8_3
https://doi.org/10.1007/s10311-020-01074-x
https://doi.org/10.1007/s10311-023-01682-3
https://doi.org/10.3390/biom11060886
https://doi.org/10.3390/nano10010011
https://doi.org/10.15421/012002
https://doi.org/10.1016/j.heliyon.2024.e39636
https://doi.org/10.4014/jmb.1110.10085
https://doi.org/10.1088/0957-4484/14/7/323
https://doi.org/10.1186/1477-3155-3-8
https://doi.org/10.1016/j.jcis.2003.12.011
https://doi.org/10.1021/nl0155274
https://doi.org/10.1002/smll.200902011
https://doi.org/10.1016/j.colsurfb.2010.07.033


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 181 

[19] J. Musarrat, S. Dwivedi, B.R. Singh, A.A. Al-
Khedhairy, A. Azam, A. Naqvi, Production of 
antimicrobial silver nanoparticles in water 
extracts of the fungus Amylomyces rouxii strain 
KSU-09. Bioresource Technology, 101(22), 
(2010) 8772–8776. 
https://doi.org/10.1016/j.biortech.2010.06.065  

[20] S.K. Das, A.R. Das, A.K. Guha, Gold 
nanoparticles: Microbial synthesis and 
application in water hygiene management. 
Langmuir, 25(14), (2009) 8192–8199. 
https://doi.org/10.1021/la900585p  

[21] M. Rai, S. Bonde, P. Golinska, J. Trzcińska-
Wencel, A. Gade, K.A. Abd-Elsalam, S. Shende, 
S. Gaikwad, A.P. Ingle, Fusarium as a novel 
fungus for the synthesis of nanoparticles: 
Mechanism and applications. Journal of Fungi, 
7(2), (2021) 139. 
https://doi.org/10.3390/jof7020139  

[22] B. Fadeel, A.E. Garcia-Bennett, Better safe than 
sorry: Understanding the toxicological properties 
of inorganic nanoparticles manufactured for 
biomedical applications. Advanced Drug Delivery 
Reviews, 62(3), (2009) 362–374. 
https://doi.org/10.1016/j.addr.2009.11.008  

[23] F. Tian, A. Prina-Mello, G. Estrada, A. Beyerle, 
W. Möller, H. Schulz, W. Kreyling, T. Stoeger, A 
novel assay for the quantification of internalized 
nanoparticles in macrophages. Nanotoxicology, 
2(4), (2008) 232–242. 
https://doi.org/10.1080/17435390802504229  

[24] D. Cui, F. Tian, S.R. Coyer, J. Wang, B. Pan, F. 
Gao, R. He, Y. Zhang, Effects of Antisense-MyC-
Conjugated single-walled carbon nanotubes on 
HL-60 cells. Journal of Nanoscience and 
Nanotechnology, 7(4), (2007) 1639–1646. 
https://doi.org/10.1166/jnn.2007.348  

[25] K. Rajesh, S. Pitchiah, K. Kannan, V. Suresh, 
Biosynthesis of silver nanoparticles from marine 
actinobacterium Micromonospora sp. and their 
bioactive potential. Cureus, (2024). 
https://doi.org/10.7759/cureus.53870  

[26] P. Pimprikar, S. Joshi, A. Kumar, S. Zinjarde, S. 
Kulkarni, Influence of biomass and gold salt 
concentration on nanoparticle synthesis by the 
tropical marine yeast Yarrowia lipolytica NCIM 
3589. Colloids and Surfaces B: Biointerfaces, 
74(1), (2009) 309–316. 
https://doi.org/10.1016/j.colsurfb.2009.07.040  

[27] A. Roychoudhury, Yeast-mediated green 
synthesis of nanoparticles for biological 
applications. Indian Journal of Pharmaceutical 
and Biological Research, 8(03), (2020) 26–31. 
https://doi.org/10.30750/ijpbr.8.3.4  

[28] A.K. Jha, K. Prasad, Yeast mediated synthesis of 
silver nanoparticles. International Journal of 
Nanoscience and Nanotechnology, 4(1), (2008) 
17-22. 

[29] M. Gericke, A. Pinches, Microbial production of 
gold nanoparticles. Gold Bulletin, 39(1), (2006) 
22–28. https://doi.org/10.1007/bf03215529  

[30] D.M. Cruz, G. Mi, T.J. Webster, Synthesis and 
characterization of biogenic selenium 
nanoparticles with antimicrobial properties made 
by Staphylococcus aureus, methicillin-resistant 
Staphylococcus aureus (MRSA), Escherichia 
coli, and Pseudomonas aeruginosa. Journal of 
Biomedical Materials Research Part A, 106(5), 
(2018) 1400–1412. 
https://doi.org/10.1002/jbm.a.36347  

[31] M. Shu, F. He, Z. Li, X. Zhu, Y. Ma, Z. Zhou, Z. 
Yang, F. Gao, M. Zeng, Biosynthesis and 
antibacterial activity of silver nanoparticles using 
yeast extract as reducing and capping agents. 
Nanoscale Research Letters, 15(1), (2020). 
https://doi.org/10.1186/s11671-019-3244-z  

[32] S. Faramarzi, Y. Anzabi, H. Jafarizadeh-Malmiri, 
Nanobiotechnology approach in intracellular 
selenium nanoparticle synthesis using 
Saccharomyces cerevisiae—fabrication and 
characterization. Archives of Microbiology, 
202(5), (2020) 1203–1209. 
https://doi.org/10.1007/s00203-020-01831-0  

[33] N. Thajuddin, G. Subramanian, Survey of 
cyanobacterial flora of the southern East Coast of 
India. Botanica Marina, 35(4), (1992). 
https://doi.org/10.1515/botm.1992.35.4.305  

[34] F.L. Oscar, D. Bakkiyaraj, C. Nithya, N. 
Thajuddin, Deciphering the diversity of microalgal 
bloom in wastewater-an attempt to construct 
potential consortia for bioremediation. Journal of 
Pure and Applied Microbiology, 2278, (2014) 92. 

[35] A. Sharma, S. Sharma, K. Sharma, S.P.K. Chetri, 
A. Vashishtha, P. Singh, R. Kumar, B. Rathi, V. 
Agrawal, Algae as crucial organisms in 
advancing nanotechnology: A systematic review. 
Journal of Applied Phycology, 28(3), (2015) 
1759–1774. https://doi.org/10.1007/s10811-015-
0715-1  

[36] N. Abid, A.M. Khan, S. Shujait, K. Chaudhary, M. 
Ikram, M. Imran, J. Haider, M. Khan, Q. Khan, M. 
Maqbool, Synthesis of nanomaterials using 
various top-down and bottom-up approaches, 
influencing factors, advantages, and 
disadvantages: A review. Advances in Colloid 
and Interface Science, 300, (2021) 102597. 
https://doi.org/10.1016/j.cis.2021.102597  

[37] A. Aryee, P. Rockenschaub, J. Robson, Z. 
Ahmed, C.N. Fhogartaigh, D. Ball, A. Hayward, L. 
Shallcross, Assessing the impact of discordant 
antibiotic treatment on adverse outcomes in 
community-onset UTI: A retrospective cohort 
study. Journal of Antimicrobial Chemotherapy, 
79(1), (2023) 134–142. 
https://doi.org/10.1093/jac/dkad357  

[38] A.L. Flores-Mireles, J.N. Walker, M. Caparon, 
S.J. Hultgren, Urinary tract infections: 

https://doi.org/10.1016/j.biortech.2010.06.065
https://doi.org/10.1021/la900585p
https://doi.org/10.3390/jof7020139
https://doi.org/10.1016/j.addr.2009.11.008
https://doi.org/10.1080/17435390802504229
https://doi.org/10.1166/jnn.2007.348
https://doi.org/10.7759/cureus.53870
https://doi.org/10.1016/j.colsurfb.2009.07.040
https://doi.org/10.30750/ijpbr.8.3.4
https://doi.org/10.1007/bf03215529
https://doi.org/10.1002/jbm.a.36347
https://doi.org/10.1186/s11671-019-3244-z
https://doi.org/10.1007/s00203-020-01831-0
https://doi.org/10.1515/botm.1992.35.4.305
https://doi.org/10.1007/s10811-015-0715-1
https://doi.org/10.1007/s10811-015-0715-1
https://doi.org/10.1016/j.cis.2021.102597
https://doi.org/10.1093/jac/dkad357


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 182 

Epidemiology, mechanisms of infection and 
treatment options. Nature Reviews Microbiology, 
13(5), (2015) 269–284. 
https://doi.org/10.1038/nrmicro3432  

[39] A. Sekar, T. Kaur, J.V. Nally, H. Rincon-Choles, 
S. Jolly, G.N. Nakhoul, Phosphorus binders: The 
new and the old, and how to choose. Cleveland 
Clinic Journal of Medicine, 85(8), (2018) 629–
638. https://doi.org/10.3949/ccjm.85a.17054  

[40] MacLean, Urinary tract infection in pregnancy. 
International Journal of Antimicrobial Agents, 
17(4), (2001) 273–277. 
https://doi.org/10.1016/s0924-8579(00)00354-x  

[41] R.J. Girishbabu, R. Srikrishna, S.T. Ramesh, 
Asymptomatic bacteriuria in pregnancy. 
International Journal of Biological & Medical 
Research, 2(3), (2011) 740–742.  

[42] M. Azami, Z. Jaafari, M. Masoumi, M. Shohani, 
G. Badfar, L. Mahmudi, S. Abbasalizadeh, The 
etiology and prevalence of urinary tract infection 
and asymptomatic bacteriuria in pregnant women 
in Iran: A systematic review and meta-analysis. 
BMC Urology, 19(1), (2019). 
https://doi.org/10.1186/s12894-019-0454-8  

[43] M. Totsika, D.G. Moriel, A. Idris, B.A. Rogers, 
D.J. Wurpel, M. Phan, D.L. Paterson, M.A. 
Schembri, Uropathogenic Escherichia coli 
mediated urinary tract infection. Current Drug 
Targets, 13(11), (2012) 1386–1399. 
https://doi.org/10.2174/138945012803530206  

[44] F.M. Smaill, J.C. Vazquez, Antibiotics for 
asymptomatic bacteriuria in pregnancy. 
Cochrane Library, 2019(11), (2019). 
https://doi.org/10.1002/14651858.cd000490.pub
4  

[45] L. Ajah, F. Onu, P. Ezeonu, O. Umeora, P. 
Ibekwe, M. Ajah, Profile and microbiological 
isolates of asymptomatic bacteriuria among 
pregnant women in Abakaliki, Nigeria. Infection 
and Drug Resistance, 231, (2015). 
https://doi.org/10.2147/idr.s87052  

[46] S. Tadesse, T. Kahsay, G. Adhanom, G. Kahsu, 
H. Legese, A. G/Wahid, A. Derbie, Prevalence, 
antimicrobial susceptibility profile and predictors 
of asymptomatic bacteriuria among pregnant 
women in Adigrat General Hospital, Northern 
Ethiopia. BMC Research Notes, 11(1), (2018). 
https://doi.org/10.1186/s13104-018-3844-1  

[47] F. Ahmed, F. Eriso, Prevalence and associated 
factors of urinary tract infections among pregnant 
mothers at antenatal medical hospital, Borena 
Zone, Southern Ethiopia. Merit Research Journal 
of Medicine and Medical Sciences, 4(1), (2016) 
68-75. 

[48] L.E. Nicolle, Asymptomatic bacteriuria and 
bacterial interference. In ASM Press eBooks, 
(2016) 87–120. 
https://doi.org/10.1128/9781555817404.ch6  

[49] A. Mabbett, G. Ulett, R. Watts, J. Tree, M. 
Totsika, C. Ong, J. Wood, W. Monaghan, D. 
Looke, G. Nimmo, Virulence properties of 
asymptomatic bacteriuria Escherichia coli. 
International Journal of Medical Microbiology, 
299(1), (2008) 53–63. 
https://doi.org/10.1016/j.ijmm.2008.06.003  

[50] A.L. Flores-Mireles, J.N. Walker, M. Caparon, 
S.J. Hultgren, Urinary tract infections: 
Epidemiology, mechanisms of infection and 
treatment options. Nature Reviews Microbiology, 
13(5), (2015) 269–284. 
https://doi.org/10.1038/nrmicro3432  

[51] T.M. Hooton, W.E. Stamm, Diagnosis and 
treatment of uncomplicated urinary tract infection. 
Infectious Disease Clinics of North America, 
11(3), (1997) 551–581. 
https://doi.org/10.1016/s0891-5520(05)70373-1  

[52] G. Wallmark, I. Arremark, B. Telander, 
Staphylococcus saprophyticus: A frequent cause 
of acute urinary tract infection among female 
outpatients. The Journal of Infectious Diseases, 
138(6), (1978) 791–797. 
https://doi.org/10.1093/infdis/138.6.791  

[53] M.E. Rupp, D.E. Soper, G.L. Archer, Colonization 
of the female genital tract with Staphylococcus 
saprophyticus. Journal of Clinical Microbiology, 
30(11), (1992) 2975–2979. 
https://doi.org/10.1128/jcm.30.11.2975-
2979.1992  

[54] R. Colodner, S. Ken-Dror, B. Kavenshtock, B. 
Chazan, R. Raz, Epidemiology and clinical 
characteristics of patients with Staphylococcus 
saprophyticus bacteriuria in Israel. Infection, 
34(5), (2006) 278–281. 
https://doi.org/10.1007/s15010-006-5655-x  

[55] C.C. Carson, V.D. McGraw, P. Zwadyk, Bacterial 
prostatitis caused by Staphylococcus 
saprophyticus. Urology, 19(6), (1982) 576–578. 
https://doi.org/10.1016/0090-4295(82)90002-4  

[56] E.M. Niccodem, A. Mwingwa, A. Shangali, J. 
Manyahi, F. Msafiri, M. Matee, M. Majigo, A. 
Joachim, Predominance of multidrug-resistant 
bacteria causing urinary tract infections among 
men with prostate enlargement attending a 
tertiary hospital in Dar es Salaam, Tanzania. 
Bulletin of the National Research Centre, 47(1), 
(2023). https://doi.org/10.1186/s42269-023-
01030-z  

[57] R.H. Latham, K. Running, W.E. Stamm, Urinary 
tract infections in young adult women caused by 
Staphylococcus saprophyticus. JAMA, 250(22), 
(1983) 3063–3066.  

[58] Y. Gebretensaie, A. Atnafu, S. Girma, Y. Alemu, 
K. Desta, Prevalence of bacterial urinary tract 
infection, associated risk factors, and 
antimicrobial resistance pattern in Addis Ababa, 
Ethiopia: A cross-sectional study. Infection and 
Drug Resistance, 16, (2023) 3041–3050. 

https://doi.org/10.1038/nrmicro3432
https://doi.org/10.3949/ccjm.85a.17054
https://doi.org/10.1016/s0924-8579(00)00354-x
https://doi.org/10.1186/s12894-019-0454-8
https://doi.org/10.2174/138945012803530206
https://doi.org/10.1002/14651858.cd000490.pub4
https://doi.org/10.1002/14651858.cd000490.pub4
https://doi.org/10.2147/idr.s87052
https://doi.org/10.1186/s13104-018-3844-1
https://doi.org/10.1128/9781555817404.ch6
https://doi.org/10.1016/j.ijmm.2008.06.003
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1016/s0891-5520(05)70373-1
https://doi.org/10.1093/infdis/138.6.791
https://doi.org/10.1128/jcm.30.11.2975-2979.1992
https://doi.org/10.1128/jcm.30.11.2975-2979.1992
https://doi.org/10.1007/s15010-006-5655-x
https://doi.org/10.1016/0090-4295(82)90002-4
https://doi.org/10.1186/s42269-023-01030-z
https://doi.org/10.1186/s42269-023-01030-z


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 183 

https://doi.org/10.2147/idr.s402279  

[59] I.G. Baraboutis, E.P. Tsagalou, J.L. Lepinski, I. 
Papakonstantinou, V. Papastamopoulos, A.T. 
Skoutelis, S. Johnson, Primary Staphylococcus 
aureus urinary tract infection: The role of 
undetected hematogenous seeding of the urinary 
tract. European Journal of Clinical Microbiology & 
Infectious Diseases, 29(9), (2010) 1095–1101. 
https://doi.org/10.1007/s10096-010-0967-2  

[60] N.M. Gilbert, V.P. O’Brien, S. Hultgren, G. 
Macones, W.G. Lewis, A.L. Lewis, Urinary tract 
infection as a preventable cause of pregnancy 
complications: Opportunities, challenges, and a 
global call to action. Global Advances in Health 
and Medicine, 2(5), (2013) 59–69. 
https://doi.org/10.7453/gahmj.2013.061  

[61] M. Otto, Molecular basis of Staphylococcus 
epidermidis infections. Seminars in 
Immunopathology, 34(2), (2011) 201–214. 
https://doi.org/10.1007/s00281-011-0296-2  

[62] L.M. Weiner, A.K. Webb, B. Limbago, M.A. 
Dudeck, J. Patel, A.J. Kallen, J.R. Edwards, D.M. 
Sievert, Antimicrobial-resistant pathogens 
associated with healthcare-associated infections: 
Summary of data reported to the National 
Healthcare Safety Network at the Centers for 
Disease Control and Prevention, 2011–2014. 
Infection Control and Hospital Epidemiology, 
37(11), (2016) 1288–1301. 
https://doi.org/10.1017/ice.2016.174  

[63] M.J. Richards, J.R. Edwards, D.H. Culver, R.P. 
Gaynes, Nosocomial infections in medical 
intensive care units in the United States. Critical 
Care Medicine, 27(5), (1999) 887–892. 
https://doi.org/10.1097/00003246-199905000-
00020  

[64] E.J. Boyko, S.D. Fihn, D. Scholes, L. Abraham, 
B. Monsey, Risk of urinary tract infection and 
asymptomatic bacteriuria among diabetic and 
nondiabetic postmenopausal women. American 
Journal of Epidemiology, 161(6), (2005) 557–
564. 
https://doi.org/10.1093/oxfordjournals.aje.a0001
81  

[65] M.S. Alam, M.J. Anwar, M.S. Akhtar, P. Alam, 
A.A.S. Mohammad, A.F. Almutairy, A.S. Nazmi, 
T.K. Mukherjee, A systematic review of recent 
advances in urinary tract infection interventions 
and treatment technology. European Review for 
Medical and Pharmacological Sciences, 28(17), 
(2024) 4238–4254. 
https://doi.org/10.26355/eurrev_202409_36713  

[66] C.M. Brede, D.A. Shoskes, The etiology and 
management of acute prostatitis. Nature Reviews 
Urology, 8(4), (2011) 207–212. 
https://doi.org/10.1038/nrurol.2011.22  

[67] F. Millán-Rodríguez, J. Palou, A. Bujons-Tur, M. 
Musquera-Felip, C. Sevilla-Cecilia, M. 
Serrallach-Orejas, C. Baez-Angles, H. 

Villavicencio-Mavrich, Acute bacterial prostatitis: 
Two different sub-categories according to a 
previous manipulation of the lower urinary tract. 
World Journal of Urology, 24(1), (2005) 45–50. 
https://doi.org/10.1007/s00345-005-0040-4  

[68] B.M. Sharon, A.P. Arute, A. Nguyen, S. Tiwari, 
S.S.R. Bonthu, N.V. Hulyalkar, M.L. Neugent, 
D.P. Araya, N.A. Dillon, P.E. Zimmern, K.L. 
Palmer, N.J. De Nisco, Genetic and functional 
enrichments associated with Enterococcus 
faecalis isolated from the urinary tract. mBio, 
14(6), (2023). 
https://doi.org/10.1128/mbio.02515-23  

[69] J.J. Wyndaele, (2023) Pathology-
Pathophysiology: Ultrastructure of the 
neurogenic bladder. Handbook of Neurourology. 
Springer, Singapore, https://doi.org/10.1007/978-
981-99-1659-7_9  

[70] P.A. Tambyah, D.G. Maki, The relationship 
between pyuria and infection in patients with 
indwelling urinary catheters. Archives of Internal 
Medicine, 160(5), (2000). 
https://doi.org/10.1001/archinte.160.5.673  

[71] M.J. González, L. Robino, P. Zunino, P. Scavone, 
Urinary tract infection: Is it time for a new 
approach considering a gender perspective and 
new microbial advances? Frontiers in Urology, 4, 
(2024). 
https://doi.org/10.3389/fruro.2024.1487858  

[72] K.B. Ulett, W.H. Benjamin, F. Zhuo, M. Xiao, F. 
Kong, G.L. Gilbert, M.A. Schembri, G.C. Ulett, 
Diversity of group B streptococcus serotypes 
causing urinary tract infection in adults. Journal of 
Clinical Microbiology, 47(7), (2009) 2055–2060. 
https://doi.org/10.1128/jcm.00154-09  

[73] C.C. Marc, M. Susan, S.A. Sprintar, M. Licker, 
D.A. Oatis, D.T. Marti, S.R. Susan, L.C. 
Nicolescu, A.G. Mihu, T.R. Olariu, D. Muntean, 
Prevalence and antibiotic resistance of 
Streptococcus agalactiae in women of 
childbearing age presenting urinary tract 
infections from Western Romania. Life, 14(11), 
(2024) 1476. 
https://doi.org/10.3390/life14111476  

[74] A.A. Adeniyi, B.F. Adenike, P.O. Olamiju, I.O. 
Toluwalope, A.F. Titilope, A.F. Haruna, O.A. 
Adeniyi, Urinary tract infection and antibiotic-
resistant patterns of isolated bacteria in geriatric 
patients. Clinical Medicine and Health Research 
Journal, 4(2), (2024) 801–805. 
https://doi.org/10.18535/cmhrj.v4i2.320  

[75] A.M. Mohamed, M.A. Khan, A. Faiz, J. Ahmad, 
E.B. Khidir, M.A. Basalamah, A. Aslam, Group B 
streptococcus colonization, antibiotic 
susceptibility, and serotype distribution among 
Saudi pregnant women. Infection and 
Chemotherapy, 52(1), (2020) 70. 
https://doi.org/10.3947/ic.2020.52.1.70  

[76] M.S. Hammoud, M. Al-Shemmari, L. Thalib, N. 

https://doi.org/10.2147/idr.s402279
https://doi.org/10.1007/s10096-010-0967-2
https://doi.org/10.7453/gahmj.2013.061
https://doi.org/10.1007/s00281-011-0296-2
https://doi.org/10.1017/ice.2016.174
https://doi.org/10.1097/00003246-199905000-00020
https://doi.org/10.1097/00003246-199905000-00020
https://doi.org/10.1093/oxfordjournals.aje.a000181
https://doi.org/10.1093/oxfordjournals.aje.a000181
https://doi.org/10.26355/eurrev_202409_36713
https://doi.org/10.1038/nrurol.2011.22
https://doi.org/10.1007/s00345-005-0040-4
https://doi.org/10.1128/mbio.02515-23
https://doi.org/10.1007/978-981-99-1659-7_9
https://doi.org/10.1007/978-981-99-1659-7_9
https://doi.org/10.1001/archinte.160.5.673
https://doi.org/10.3389/fruro.2024.1487858
https://doi.org/10.1128/jcm.00154-09
https://doi.org/10.3390/life14111476
https://doi.org/10.18535/cmhrj.v4i2.320
https://doi.org/10.3947/ic.2020.52.1.70


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 184 

Al-Sweih, N. Rashwan, L.V. Devarajan, H. Elsori, 
Comparison between different types of 
surveillance samples for the detection of GBS 
colonization in both parturient mothers and their 
infants. Gynecologic and Obstetric Investigation, 
56(4), (2003) 225–230. 
https://doi.org/10.1159/000074825  

[77] K.P. High, M.S. Edwards, C.J. Baker, Group B 
streptococcal infections in elderly adults. Clinical 
Infectious Diseases, 41(6), (2005) 839–847. 
https://doi.org/10.1086/432804  

[78] R.M. Karigoudar, M.H. Karigoudar, S.M. Wavare, 
S.S. Mangalgi, Detection of biofilm among 
uropathogenic Escherichia coli and its correlation 
with antibiotic resistance pattern. Journal of 
Laboratory Physicians, 11(1), (2019) 17–22. 
https://doi.org/10.4103/jlp.jlp_98_18  

[79] J.A. Karlowsky, L.J. Kelly, C. Thornsberry, M.E. 
Jones, D.F. Sahm, Trends in antimicrobial 
resistance among urinary tract infection isolates 
of Escherichia coli from female outpatients in the 
United States. Antimicrobial Agents and 
Chemotherapy, 46(8), (2002) 2540–2545. 
https://doi.org/10.1128/aac.46.8.2540-
2545.2002  

[80] U. Priyadharshana, L.B. Piyasiri, C. Wijesinghe, 
Prevalence, antibiotic sensitivity pattern and 
genetic analysis of extended-spectrum beta-
lactamase producing Escherichia coli and 
Klebsiella spp among patients with community-
acquired urinary tract infection in Galle district, Sri 
Lanka. Ceylon Medical Journal, 64(4), (2019) 
140. https://doi.org/10.4038/cmj.v64i4.8990  

[81] M.Q. Alanazi, F.Y. Alqahtani, F.S. Aleanizy, An 
evaluation of E. coli in urinary tract infection in 
emergency department at KAMC in Riyadh, 
Saudi Arabia: Retrospective study. Annals of 
Clinical Microbiology and Antimicrobials, 17(1), 
(2018). https://doi.org/10.1186/s12941-018-
0255-z  

[82] R.H. Marco, E.G. Olmos, J.R. Bretón-Martínez, 
L.G. Pérez, B.C. Sánchez, J. Fujkova, M.S. 
Campos, J.M.N. Coito, Infección urinaria febril 
adquirida en la comunidad por bacterias 
productoras de betalactamasas de espectro 
extendido en niños hospitalizados. 
Enfermedades Infecciosas y Microbiología 
Clínica, 35(5), (2016) 287–292. 
https://doi.org/10.1016/j.eimc.2016.01.012  

[83] F. Madhi, C. Jung, S. Timsit, C. Levy, S. Biscardi, 
M. Lorrot, E. Grimprel, L. Hees, I. Craiu, A. 
Galerne, F. Dubos, E. Cixous, V. Hentgen, S. 
Béchet, S. Bonacorsi, R. Cohen, Febrile urinary 
tract infection due to extended-spectrum beta-
lactamase–producing Enterobacteriaceae in 
children: A French prospective multicenter study. 
PLoS ONE, 13(1), (2018) e0190910. 
https://doi.org/10.1371/journal.pone.0190910  

[84] W.R. Jarvis, W.J. Martone, Predominant 

pathogens in hospital infections. Journal of 
Antimicrobial Chemotherapy, 29(Suppl A), 
(1992) 19–24. 
https://doi.org/10.1093/jac/29.suppl_a.19  

[85] P. Visca, F. Chiarini, A. Mansi, C. Vetriani, L. 
Serino, N. Orsi, Virulence determinants in 
Pseudomonas aeruginosa strains from urinary 
tract infections. Epidemiology and Infection, 
108(2), (1992) 323–336. 
https://doi.org/10.1017/s0950268800049797  

[86] M. Klausen, A. Aaes-Jørgensen, S. Molin, T. 
Tolker-Nielsen, Involvement of bacterial 
migration in the development of complex 
multicellular structures in Pseudomonas 
aeruginosa biofilms. Molecular Microbiology, 
50(1), (2003) 61–68. 
https://doi.org/10.1046/j.1365-
2958.2003.03677.x  

[87] N. Høiby, H.K. Johansen, C. Moser, Z. Song, O. 
Ciofu, A. Kharazmi, and the in vitro and in vivo 
biofilm mode of growth. Microbes and Infection, 
3(1), (2001) 23–35. 
https://doi.org/10.1016/s1286-4579(00)01349-6  

[88] E. Drenkard, Antimicrobial resistance of 
Pseudomonas aeruginosa biofilms. Microbes 
and Infection, 5(13), (2003) 1213–1219. 
https://doi.org/10.1016/j.micinf.2003.08.009  

[89] B.R. Boles, M. Thoendel, P.K. Singh, Self-
generated diversity produces “insurance effects” 
in biofilm communities. Proceedings of the 
National Academy of Sciences, 101(47), (2004) 
16630–16635. 
https://doi.org/10.1073/pnas.0407460101  

[90] S.M. Jacobsen, D.J. Stickler, H.L.T. Mobley, M.E. 
Shirtliff, Complicated catheter-associated urinary 
tract infections due to Escherichia coli and 
Proteus mirabilis. Clinical Microbiology Reviews, 
21(1), (2008) 26–59. 
https://doi.org/10.1128/cmr.00019-07  

[91] H.L.T. Mobley, J.W. Warren, Urease-positive 
bacteriuria and obstruction of long-term urinary 
catheters. Journal of Clinical Microbiology, 
25(11), (1987) 2216–2217. 
https://doi.org/10.1128/jcm.25.11.2216-
2217.1987  

[92] C.E. Armbruster, K. Prenovost, H.L.T. Mobley, L. 
Mody, How often do clinically diagnosed 
catheter-associated urinary tract infections in 
nursing homes meet standardized criteria? 
Journal of the American Geriatrics Society, 65(2), 
(2016) 395–401. 
https://doi.org/10.1111/jgs.14533  

[93] J. Prywer, M. Olszynski, Bacterially induced 
formation of infectious urinary stones: Recent 
developments and future challenges. Current 
Medicinal Chemistry, 24(3), (2017) 292–311. 
https://doi.org/10.2174/09298673236661610281
54545  

https://doi.org/10.1159/000074825
https://doi.org/10.1086/432804
https://doi.org/10.4103/jlp.jlp_98_18
https://doi.org/10.1128/aac.46.8.2540-2545.2002
https://doi.org/10.1128/aac.46.8.2540-2545.2002
https://doi.org/10.4038/cmj.v64i4.8990
https://doi.org/10.1186/s12941-018-0255-z
https://doi.org/10.1186/s12941-018-0255-z
https://doi.org/10.1016/j.eimc.2016.01.012
https://doi.org/10.1371/journal.pone.0190910
https://doi.org/10.1093/jac/29.suppl_a.19
https://doi.org/10.1017/s0950268800049797
https://doi.org/10.1046/j.1365-2958.2003.03677.x
https://doi.org/10.1046/j.1365-2958.2003.03677.x
https://doi.org/10.1016/s1286-4579(00)01349-6
https://doi.org/10.1016/j.micinf.2003.08.009
https://doi.org/10.1073/pnas.0407460101
https://doi.org/10.1128/cmr.00019-07
https://doi.org/10.1128/jcm.25.11.2216-2217.1987
https://doi.org/10.1128/jcm.25.11.2216-2217.1987
https://doi.org/10.1111/jgs.14533
https://doi.org/10.2174/0929867323666161028154545
https://doi.org/10.2174/0929867323666161028154545


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 185 

[94] C.E. Armbruster, S.N. Smith, A.O. Johnson, V. 
DeOrnellas, K.A. Eaton, A. Yep, L. Mody, W. Wu, 
H.L.T. Mobley, The pathogenic potential of 
Proteus mirabilis is enhanced by other 
uropathogens during polymicrobial urinary tract 
infection. Infection and Immunity, 85(2), (2016). 
https://doi.org/10.1128/iai.00808-16  

[95] C.M. Kunin, Blockage of urinary catheters: Role 
of microorganisms and constituents of the urine 
on formation of encrustations. Journal of Clinical 
Epidemiology, 42(9), (1989) 835–842. 
https://doi.org/10.1016/0895-4356(89)90096-6  

[96] N. Sabbuba, D. Stickler, E. Mahenthiralingam, D. 
Painter, J. Parkin, R. Feneley, Genotyping 
demonstrates that the strains of Proteus mirabilis 
from bladder stones and catheter encrustations 
of patients undergoing long-term bladder 
catheterization are identical. The Journal of 
Urology, 171(5), (2004) 1925–1928. 
https://doi.org/10.1097/01.ju.0000123062.26461
.f9  

[97] C.B. Sekharan, K.R. Kumari, E.E. Kuwingwa, 
D.D. Kumar, Evaluation of the prevalence of 
urinary tract infection in females aged 6–50 years 
at Kinondoni District, Tanzania. Science 
International, 5(2), (2017) 42–46. 
https://doi.org/10.17311/sciintl.2017.42.46  

[98] B.P. Msaki, S.E. Mshana, A. Hokororo, H.D. 
Mazigo, D. Morona, Prevalence and predictors of 
urinary tract infection and severe malaria among 
febrile children attending Makongoro Health 
Centre in Mwanza City, North-Western Tanzania. 
Archives of Public Health, 70(1), (2012). 
https://doi.org/10.1186/0778-7367-70-4  

[99] B. Foxman, The epidemiology of urinary tract 
infection. Nature Reviews Urology, 7(12), (2010) 
653–660. 
https://doi.org/10.1038/nrurol.2010.190  

[100] Y.A. Almutawif, H.M.A. Eid, Prevalence and 
antimicrobial susceptibility pattern of bacterial 
uropathogens among adult patients in Madinah, 
Saudi Arabia. BMC Infectious Diseases, 23(1), 
(2023). https://doi.org/10.1186/s12879-023-
08578-1 

[101] S. Lamsal, S. Adhikari, B.R. Raghubanshi, S. 
Sapkota, K.R. Rijal, P. Ghimire, M.R. Banjara, 
Antifungal susceptibility and biofilm formation of 
Candida albicans isolated from different clinical 
specimens. Tribhuvan University Journal of 
Microbiology, (2021) 53–62. 
https://doi.org/10.3126/tujm.v8i1.41195 

[102] T. Addis, Y. Mekonnen, Z. Ayenew, S. Fentaw, H. 
Biazin, Bacterial uropathogens and burden of 
antimicrobial resistance pattern in urine 
specimens referred to Ethiopian Public Health 
Institute. PLoS ONE, 16(11), (2021) e0259602. 
https://doi.org/10.1371/journal.pone.0259602 

[103] L.G. Giesen, G. Cousins, B.D. Dimitrov, F.A. Van 
De Laar, T. Fahey, Predicting acute 

uncomplicated urinary tract infection in women: A 
systematic review of the diagnostic accuracy of 
symptoms and signs. BMC Family Practice, 
11(1), (2010). https://doi.org/10.1186/1471-2296-
11-78  

[104] Z. Arinzon, S. Shabat, A. Peisakh, Y. Berner, 
Clinical presentation of urinary tract infection 
(UTI) differs with aging in women. Archives of 
Gerontology and Geriatrics, 55(1), (2011) 145–
147. 
https://doi.org/10.1016/j.archger.2011.07.012  

[105] A.P. Glaser, A.J. Schaeffer, Urinary tract infection 
and bacteriuria in pregnancy. Urologic Clinics of 
North America, 42(4), (2015) 547–560. 
https://doi.org/10.1016/j.ucl.2015.05.004  

[106] Adrie, M. Garrouste-Orgeas, W.I. Essaied, C. 
Schwebel, M. Darmon, B. Mourvillier, S. Ruckly, 
A. Dumenil, H. Kallel, L. Argaud, G. Marcotte, F. 
Barbier, V. Laurent, D. Goldgran-Toledano, C. 
Clec’h, E. Azoulay, B. Souweine, J. Timsit, 
Attributable mortality of ICU-acquired 
bloodstream infections: Impact of the source, 
causative microorganism, resistance profile, and 
antimicrobial therapy. Journal of Infection, 74(2), 
(2016) 131–141. 
https://doi.org/10.1016/j.jinf.2016.11.001  

[107] A. Kumar, D. Roberts, K.E. Wood, B. Light, J.E. 
Parrillo, S. Sharma, R. Suppes, D. Feinstein, S. 
Zanotti, L. Taiberg, D. Gurka, A. Kumar, M. 
Cheang, Duration of hypotension before initiation 
of effective antimicrobial therapy is the critical 
determinant of survival in human septic shock. 
Critical Care Medicine, 34(6), (2006) 1589–1596. 
https://doi.org/10.1097/01.ccm.0000217961.752
25.e9  

[108] A.H. Holmes, L.S.P. Moore, A. Sundsfjord, M. 
Steinbakk, S. Regmi, A. Karkey, P.J. Guerin, 
L.J.V. Piddock, Understanding the mechanisms 
and drivers of antimicrobial resistance. The 
Lancet, 387(10014), (2015) 176–187. 
https://doi.org/10.1016/s0140-6736(15)00473-0  

[109] M. Levitus, A. Rewane, T.B. Perera, (2023) 
Vancomycin-resistant enterococci. StatPearls – 
NCBI Bookshelf, 
https://www.ncbi.nlm.nih.gov/sites/books/NBK51
3233/  

[110] M.S. Said, E. Tirthani, E. Lesho, (2024) 
Enterococcus infections. StatPearls – NCBI 
Bookshelf, 
https://www.ncbi.nlm.nih.gov/books/NBK567759
/  

[111] A.Bastopcu, H. Yazgi, M.H. Uyanik, A. Ayyildiz, 
(2008) Evaluation of quinolone resistance in 
gram-negative bacilli isolated from community- 
and hospital-acquired infections. PMC,. 
https://pmc.ncbi.nlm.nih.gov/articles/PMC42616
80/  

[112] A.H. Siddiqui, J. Koirala, (2023) Methicillin-
resistant Staphylococcus aureus. StatPearls – 

https://doi.org/10.1128/iai.00808-16
https://doi.org/10.1016/0895-4356(89)90096-6
https://doi.org/10.1097/01.ju.0000123062.26461.f9
https://doi.org/10.1097/01.ju.0000123062.26461.f9
https://doi.org/10.17311/sciintl.2017.42.46
https://doi.org/10.1186/0778-7367-70-4
https://doi.org/10.1038/nrurol.2010.190
https://doi.org/10.1186/1471-2296-11-78
https://doi.org/10.1186/1471-2296-11-78
https://doi.org/10.1016/j.archger.2011.07.012
https://doi.org/10.1016/j.ucl.2015.05.004
https://doi.org/10.1016/j.jinf.2016.11.001
https://doi.org/10.1097/01.ccm.0000217961.75225.e9
https://doi.org/10.1097/01.ccm.0000217961.75225.e9
https://doi.org/10.1016/s0140-6736(15)00473-0
https://www.ncbi.nlm.nih.gov/sites/books/NBK513233/
https://www.ncbi.nlm.nih.gov/sites/books/NBK513233/
https://www.ncbi.nlm.nih.gov/books/NBK567759/
https://www.ncbi.nlm.nih.gov/books/NBK567759/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4261680/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4261680/


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 186 

NCBI Bookshelf. 
https://www.ncbi.nlm.nih.gov/books/NBK482221
/  

[113] S. Baumann, C.P. Lutz, D.M. Eigler, Nano on 
reflection. Nature Nanotechnology, 11, (2016) 
828–834. 
https://doi.org/10.1038/nnano.2016.232  

[114] A.Karnwal, G. Kumar, G. Pant, K. Hossain, A. 
Ahmad, M.B. Alshammari, Perspectives on 
usage of functional nanomaterials in antimicrobial 
therapy for antibiotic-resistant bacterial 
infections. ACS Omega, 8(15), (2023) 13492–
13508. 
https://doi.org/10.1021/acsomega.3c00110  

[115] J.F.A. de Oliveira, Â. Saito, A.T. Bido, et al., 
Defeating bacterial resistance and preventing 
mammalian cell toxicity through rational design of 
antibiotic-functionalized nanoparticles. Scientific 
Reports, 7, (2017) 1326. 
https://doi.org/10.1038/s41598-017-01209-1  

[116] A. Vassallo, M.F. Silletti, I. Faraone, L. Milella, 
Nanoparticulate antibiotic systems as 
antibacterial agents and antibiotic delivery 
platforms to fight infections. Journal of 
Nanomaterials, 2020, (2020) 1–31. 
https://doi.org/10.1155/2020/6905631  

[117] Elhassan, N. Devnarain, M. Mohammed, T. 
Govender, C.A. Omolo, Engineering hybrid 
nanosystems for efficient and targeted delivery 
against bacterial infections. Journal of Controlled 
Release, 351, (2022) 598–622. 
https://doi.org/10.1016/j.jconrel.2022.09.052  

[118] T.S. Veriato, I. Fontoura, L.D. Oliveira, et al., 
Nano-antibiotic based on silver nanoparticles 
functionalized to the vancomycin–cysteamine 
complex for treating Staphylococcus aureus and 
Enterococcus faecalis. Pharmacological Reports, 
75, (2023) 951–961. 
https://doi.org/10.1007/s43440-023-00491-3  

[119] Wang, H. Zhou, O.P. Olademehin, S.J. Kim, P. 
Tao, Insights into key interactions between 
vancomycin and bacterial cell wall structures. 
ACS Omega, 3(1), (2018) 37–45. 
https://doi.org/10.1021/acsomega.7b01483  

[120] C.R. Mendes, G. Dilarri, C.F. Forsan, V. de 
Moraes Ruy Sapata, P.R.M. Lopes, P.B. de 
Moraes, R.N. Montagnolli, H. Ferreira, E.D. 
Bidoia, Antibacterial action and target 
mechanisms of zinc oxide nanoparticles against 
bacterial pathogens. Scientific Reports, 12, 
(2022) 2658. https://doi.org/10.1038/s41598-
022-06657-y  

[121] M. Alavi, R. Kowalski, R. Capasso, D.M.C. 
Henrique, R.A. De Menezes Irwin, Various novel 
strategies for functionalization of gold and silver 
nanoparticles to hinder drug-resistant bacteria 
and cancer cells. MNBA Journal, (2022). 
https://doi.org/10.22034/mnba.2022.152629 

[122] J. He, Y. Qiao, H. Zhang, et al., Gold–silver 
nanoshells promote wound healing from drug-
resistant bacteria infection and enable monitoring 
via surface-enhanced Raman scattering imaging. 
Biomaterials, 234, (2020) 119763. 
https://doi.org/10.1016/j.biomaterials.2020.1197
63  

[123] Pasparakis, Recent developments in the use of 
gold and silver nanoparticles in biomedicine. 
Wiley Interdisciplinary Reviews Nanomedicine 
and Nanobiotechnology, 14(5), (2022). 
https://doi.org/10.1002/wnan.1817  

[124] T.A. Hagbani, H. Yadav, A. Moin, A.S.A. Lila, K. 
Mehmood, F. Alshammari, S. Khan, E.S. 
Khafagy, T. Hussain, S.M.D.Rizvi, M.H. Abdallah, 
Enhancement of vancomycin potential against 
pathogenic bacterial strains via gold nano-
formulations: A nano-antibiotic approach. 
Materials, 15(3), (2022) 1108. 
https://doi.org/10.3390/ma15031108  

[125] P. Laganà, G. Visalli, A. Facciolà, M.P. Ciarello, 
A. Laganà, D. Iannazzo, A. Di Pietro, Is the 
antibacterial activity of multi-walled carbon 
nanotubes (MWCNTs) related to antibiotic 
resistance? An assessment in clinical isolates. 
International Journal of Environmental Research 
and Public Health, 18(17), (2021) 9310. 
https://doi.org/10.3390/ijerph18179310  

[126] Muthusankar, R.K. Devi, G. Gopu, Nitrogen-
doped carbon quantum dots embedded Co3O4 

with multiwall carbon nanotubes: An efficient 
probe for the simultaneous determination of 
anticancer and antibiotic drugs. Biosensors and 
Bioelectronics, 150, (2019) 111947. 
https://doi.org/10.1016/j.bios.2019.111947  

[127] S. Ambreen, A. Sajid, O. Naseer, A. Ikram, M. 
Imran, Antimicrobial and antibiofilm potential of 
PEGylated Chitosan-Based Nano-Antibiotics 
against Multidrug-Resistant E coli strains. 
Microbiological & Immunological 
Communications, 2(2), (2023) 69–87. 
https://doi.org/10.55627/mic.002.02.0402  

[128] V.A. Spirescu, C. Chircov, A.M. Grumezescu, E. 
Andronescu, Polymeric Nanoparticles for 
Antimicrobial Therapies: An up-to-date Overview. 
Polymers, 13(5), (2021) 724. 
https://doi.org/10.3390/polym13050724  

[129] J.J. Aguilera-Correa, J. Esteban, M. Vallet-Regí, 
Inorganic and polymeric nanoparticles for human 
viral and bacterial infections prevention and 
treatment. Nanomaterials, 11(1), (2021) 137. 
https://doi.org/10.3390/nano11010137  

[130] M.M. Mamun, A.J. Sorinolu, M. Munir, E.P. 
Vejerano, Nanoantibiotics: Functions and 
properties at the nanoscale to combat antibiotic 
resistance. Frontiers in Chemistry, 9 (2021). 
https://doi.org/10.3389/fchem.2021.687660  

[131] V. Jayachandran, Nano Antibiotics: prospects 
and challenges. Nanoparticles in Healthcare: 

https://www.ncbi.nlm.nih.gov/books/NBK482221/
https://www.ncbi.nlm.nih.gov/books/NBK482221/
https://doi.org/10.1038/nnano.2016.232
https://doi.org/10.1021/acsomega.3c00110
https://doi.org/10.1038/s41598-017-01209-1
https://doi.org/10.1155/2020/6905631
https://doi.org/10.1016/j.jconrel.2022.09.052
https://doi.org/10.1007/s43440-023-00491-3
https://doi.org/10.1021/acsomega.7b01483
https://doi.org/10.1038/s41598-022-06657-y
https://doi.org/10.1038/s41598-022-06657-y
https://doi.org/10.1016/j.biomaterials.2020.119763
https://doi.org/10.1016/j.biomaterials.2020.119763
https://doi.org/10.1002/wnan.1817
https://doi.org/10.3390/ma15031108
https://doi.org/10.3390/ijerph18179310
https://doi.org/10.1016/j.bios.2019.111947
https://doi.org/10.55627/mic.002.02.0402
https://doi.org/10.3390/polym13050724
https://doi.org/10.3390/nano11010137
https://doi.org/10.3389/fchem.2021.687660


Vol 7 Iss 1 Year 2025  G. Jamuna & A.S. Vickram /2025 

Int. Res. J. Multidiscip. Technovation, 7(1) (2025) 165-187 | 187 

Applications in Therapy, Diagnosis, and Drug 
Delivery, 160, (2024) 83-112. 

[132] R. Subbiah, M. Veerapandian, K.S. Yun, 
Nanoparticles: Functionalization and 
multifunctional applications in biomedical 
sciences. Current Medicinal Chemistry, 17(36), 
(2010) 4559–4577. 
https://doi.org/10.2174/092986710794183024  

[133] Otsuka, Y. Nagasaki, K. Kataoka, PEGylated 
nanoparticles for biological and pharmaceutical 
applications. Advanced Drug Delivery Reviews, 
55(3), (2003) 403–419. 
https://doi.org/10.1016/s0169-409x(02)00226-0  

[134] K. Upadhyay, R.K. Tamrakar, S. Thomas, M. 
Kumar, Surface functionalized nanoparticles: A 
boon to biomedical science. Chemico-Biological 
Interactions, 380, (2023) 110537. 
https://doi.org/10.1016/j.cbi.2023.110537  

[135] A.R. Shahverdi, A. Fakhimi, H.R. Shahverdi, S. 
Minaian, Synthesis and effect of silver 
nanoparticles on the antibacterial activity of 
different antibiotics against Staphylococcus 
aureus and Escherichia coli. Nanomedicine 
Nanotechnology Biology and Medicine, 3(2), 
(2007) 168–171. 
https://doi.org/10.1016/j.nano.2007.02.001  

[136] S.Z.H. Naqvi, U. Kiran, M.I. Ali, A. Jamal, A. 
Hameed, S. Ahmed, N. Ali, Combined efficacy of 
biologically synthesized silver nanoparticles and 
different antibiotics against multidrug-resistant 
bacteria, International Journal of Nanomedicine, 
8, (2013) 3187–3195. 
https://doi.org/10.2147/IJN.S49284   

[137] S. Ali, S. Perveen, M.R. Shah, M. Zareef, M. 
Arslan, S. Basheer, S. Ullah, M. Ali, Bactericidal 
potentials of silver and gold nanoparticles 
stabilized with cefixime: a strategy against 
antibiotic-resistant bacteria. Journal of 
Nanoparticle Research, 22(7), (2020). 
https://doi.org/10.1007/s11051-020-04939-y  

[138]  A. Kaur, R. Kumar, Formulation of biocompatible 
Vancomycin Conjugated Gold nanoparticles for 
enhanced antibacterial efficacy. ES Energy & 
Environments, (2021). 
https://doi.org/10.30919/esee8c547  

[139] Nawaz, S.M. Ali, N.F. Rana, T. Tanweer, A. 
Batool, T.J. Webster, F. Menaa, S. Riaz, Z. 
Rehman, F. Batool, M. Fatima, T. Maryam, I. 
Shafique, A. Saleem, A. Iqbal, Ciprofloxacin-
Loaded Gold Nanoparticles against Antimicrobial 
Resistance: An In Vivo Assessment. 
Nanomaterials, 11(11), (2021) 3152. 
https://doi.org/10.3390/nano11113152  

[140] F.M. Abdulsada, N.N. Hussein, G.M. Sulaiman, 
A.A. Ali, M. Alhujaily, Evaluation of the 
Antibacterial Properties of Iron Oxide, 
Polyethylene Glycol, and Gentamicin Conjugated 
Nanoparticles against Some Multidrug-Resistant 
Bacteria. Journal of Functional Biomaterials, 

13(3), (2022) 138. 
https://doi.org/10.3390/jfb13030138  

[141] F. Saleem, N. Safdar, I. Fatima, A. Yasmin, W. 
Hussain, Functionalization of ampicillin and 
gentamicin with biogenic copper nanoparticles 
(CuNPs) remodel antimicrobial and cytotoxic 
outcome against MDR clinical isolates. Archives 
of Microbiology, 205(3), (2023) 
88.https://doi.org/10.1007/s00203-023-03425-y 

[142] Kotrange, A. Najda, A. Bains, R. Gruszecki, P. 
Chawla, M.M. Tosif, Metal and metal oxide 
nanoparticle as a novel antibiotic carrier for the 
direct delivery of antibiotics. International Journal 
of Molecular Sciences, 22(17) (2021) 9596. 
https://doi.org/10.3390/ijms22179596  

 

Authors Contribution Statement 

Both the authors equally contributed to the 

Conceptualization, Methodology, Investigation, 

Validation, Formal analysis, Data Curation, Writing - 

Original Draft and Writing - Review & Editing. The final 

manuscript has been read and approved by all authors. 

 

Funding 

The authors declare that no funds, grants or any other 

support were received during the preparation of this 

manuscript. 

 

Competing Interests 

The authors declare that there are no conflicts of interest 

regarding the publication of this manuscript. 

 

Data Availability 

The data supporting the findings of this study can be 

obtained from the corresponding author upon 

reasonable request. 

 

Has this article screened for similarity? 

Yes 

 

About the License  

© The Author(s) 2025. The text of this article is open 

access and licensed under a Creative Commons 

Attribution 4.0 International License. 

https://doi.org/10.2174/092986710794183024
https://doi.org/10.1016/s0169-409x(02)00226-0
https://doi.org/10.1016/j.cbi.2023.110537
https://doi.org/10.1016/j.nano.2007.02.001
https://doi.org/10.2147/IJN.S49284
https://doi.org/10.1007/s11051-020-04939-y
https://doi.org/10.30919/esee8c547
https://doi.org/10.3390/nano11113152
https://doi.org/10.3390/jfb13030138
https://doi.org/10.1007/s00203-023-03425-y
https://doi.org/10.3390/ijms22179596

