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ABSTRACT   

This chapter gives us details about the complex role of nanoparticles in dealing with bacteria and viruses as antimicrobial 

agents. Nanoparticles are tiny particles with a size of 1- 100 nm. Their properties are very unique so a lot of research is 

carried out on these revolutionary particles. They are present in nature and have a very ancient history. The evolution of 

these particles from ancient history to Michael Faraday's work is tracked which can elaborate their importance in modern 

medicine and industry fields. The classification of these particles into various types such as organic and inorganic 

nanoparticles helps us to study their antimicrobial activity in detail. Further, this chapter explores the antibacterial 

properties of nanoparticles. Organic nanoparticles such as liposomes and inorganic nanoparticles such as gold and silver 

nanoparticles destroy the cell walls of bacteria by different mechanisms of action. The importance of nanoparticles 

increases more because they can be an alternative to antibiotics in case of AMR which is a big threat to the world 

nowadays. This chapter also delves into the antiviral properties of nanoparticles. Viral infections are a big threat to 

society and unfortunately, they have no specific treatments but nanoparticles can be used to prepare vaccination that 

can be used against these viruses with more precise targeting mechanisms. 
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INTRODUCTION 
 

Nanoparticles are matter particles (Griffin et al., 2017), have a small size of 1-100 nanometers (Paulami et al., 2023; 

Tripathi et al., 2023), and can't be seen with the naked human eye or even with the compound microscope. (Diaspro et al., 

2022; M. Ismail et al., 2019) The electron microscope is required to see nanoparticles (Dahy et al., 2023). They are also 

called ultrafine particles (Li et al., 2016; Burtscher et al., 2012). Nanoparticles are widely present in nature (Suhag et al., 

2023; Niu et al., 2023). They play an important role in modern medicines (Joseph et al., 2023; Munir et al., 2020) and are 

present in many industrial products (Litter et al., 2023; Malik et al., 2023) like plastic (Majeed et al., 2024, Calovi et al. 2023), 

paints, metallic (Santos et al., 2015) and magnetic products (Zerkani and Abbodi, 2023). Their roles are very deeply studied 

in different sciences such as chemistry, physics, and even in medical science to treat different diseases (Zahin et al. 2020). 

They are generated through a lot of naturally occurring events in the Universe (Buzea et al., 2007) e.g. volcanic 

eruptions (Ermulin et al., 2023; Fedotov et al., 2023), microbial processes (Milani et al., 2023), forest fires (Nim et al., 2023), 

etc. There is a very unique history of Nanoparticles. Artists have used nanoparticles in their crafts but they didn't know 

their properties since prehistory (Montanarella and Kovalenko, 2022). Many artifacts of ancient times showed that tiny 

metal particles were mixed with different materials to make them unique. The example of the Lycurgus Cup is perfect in 

which nanoparticles were used for their color-changing characteristics but at that time artists didn't know about it (Babu et 

al., 2023; Khatun and Predeep, 2023). The unique visual was obtained by mixing silver and gold nanoparticles in glass 

which interact with light and give beautiful visions (Litter and Ahmad, 2023). Similarly, Mesopotamia lusterware pottery 

shows a beautiful metallic shine due to metallic nanoparticles of copper and silver in the glass. (Jayalatha and Rayappan, 
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2015; Mirguet et al., 2015). The ancient artist manipulated things at the nano level, making remarkable achievements in 

their creations. (Heiligtag and Niederberger, 2013). In the 19th century, Michael Faraday gave scientific knowledge of 

nanoparticle-scale metal properties in his paper in 1857 (Merupa et al., 2023; Norton et al., 2023). He observed that 

heating mounted gold or silver thin leaves on the glass below red heat changes their properties, it changes light 

transmission and reflection in these metals and their electricity resistivity also increases (Stempski et al., 2019; Parveen et 

al., 2016). The interaction of light with nanoparticles was described by Mie in 1908 (Dorodnayy et al., 2023; Talapin and 

Shevchenko, 2016). 

In the 1970s and 80s, proper studies started in America and Japan (Litter and Ahmad, 2023; Ma, 2022). In the 

beginning, they called them ultrafine particles, but by the 1990s the term nanoparticle became more common. The 

National Nanotechnology Initiative started in America officially in 2000 (Roco, 2023; Hashmin et al., 2022). 

Nanoparticles are very useful in all science subjects but our topic is related to the use of nanoparticles in antimicrobial 

resistance and control. Nanoparticles are classified into different types based on physiochemical compositions (Khan, 2019; 

Stone et al., 2010) e.g. Organic based nanoparticles (nanocapsule, nanosphere, liposomes, dendrimers), Inorganic based 

nanoparticles (silver, gold, magnetic and alloy nanoparticles.), carbon-based Nps, semiconductor-based nanoparticles, etc. 

Organic Nanoparticle is the type of nanoparticle used in drug delivery systems (Natesan and Kim, 2023; Ulises and 

Sharma, 2023; Mitragotri et al., 2014). Following are some organic nanoparticles. Nanocapsule are hollow spheres (Vasilaki 

et al., 2023; Panigrahi et al., 2022) in which the drug is confined in the inner cavity with a polymer coating (Anis et al. 2023; 

Li et al., 2023) their size is 50-300 nm (Verma et al., 2016). They have low density but higher loading capacity (Wu et al., 

2020; Geothals et al., 2013). Nanospheres are a matrix system of drug delivery in which the drug is spread uniformly 

(Purabisaha et al., 2021). Their size ranges from 100-200 nm (Barcelo et al., 2012). In many studies, they are used to treat 

influenza (Cho et al., 2015), Hepatitis B (Wen et al., 2019), and Herpes Simplex Virus (Shen et al., 2019). 

Liposomes (Li et al., 2023) are a type of Organic NP that is very important. They are spherical carriers with tiny sizes of 

20-30 nm (Nsairat et al., 2022). They are made up of a phospholipid bilayer that surrounds the aqueous core (Rai et al., 

2014). Phospholipid bilayer gives them a very unique quality. They can mimic cell membranes and easily fuse with 

microbial cell membranes (Fang et al., 2015). Drugs can be mixed in the inner core for targeted drug delivery. They are 

non-toxic and biodegradable (Farid et al., 2020; Singh et al, 2017) Inorganic nanoparticles are smaller than organic 

nanoparticles but have More efficacy.  

Silver nanoparticles are a Great role of nanoparticles these days in different fields but among all of the types, silver NP 

are a more widely used type. They are used in large quantities in the industry to make home appliances, water treatment 

plants, and disinfectants used in the medical field (Saifuddin et al., 2017). They are also used in biosensing and imaging 

technology due to their unique properties (Garg et al., 2020; Siromani and Daniel, 2011). AG NP is also very effective in 

treating many diseases by targeting specific cells (Franci et al., 2015) e.g. Ag NP targets the HIV-1 virus by stopping it from 

binding with host cells in vitro (Alarcon and Udekwu, 2015; Tsai et al., 2019) 

Gold nanoparticles are synthesized in large quantities because they are used in many medical treatments e.g. 

treatment of PPR in ruminants (Bisht et al., 2023). They have a very important role in the medication of different infections. 

They are made from Tetra chloroauric acid (HAuCl4) and Trisodium citrate by a reduction process in an aqueous solution 

(Hammami et al., 2021). Their surface plasmon resonance properties make them suitable for imaging techniques and 

biomedical tools (Verma and Singh, 2014). They are used to detect DNA in a sample as a lab tracer. They can be used to 

detect aminoglycoside antibiotics. They are used to detect cancer stem cells which are very useful in cancer diagnosis 

(Hasan, 2015). 

Magnetic nanoparticles are also a very important type. They are made up of metallic elements like iron, cobalt, and 

nickel and their oxides under an external magnetic field (Selim et al., 2023). They are used in MRI and targeted drug and 

gene delivery (Shen et al., 2018; Shubayev et al, 2009). 
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Nanoparticle: Tiny Warriors against Microbes 

Nanoparticles are the modern and ting fighters that fight against microbes (Mobeen et al., 2021). They can solve many 

problems caused by bacterial and viral infections (Baptista et al., 2018). They can target the pathogens very accurately and 

kill them in different ways even if they develop resistance to antibiotics (Natan and Banin, 2017). This seems very fictional 

but it's reality now.  

In present days, bacterial infections are treated with antibiotics which is a very useful way to overcome infections 

which is very good but we need these futuristic technologies. The reason behind this is microbial resistance against these 

antibiotics. Microbial resistance is a big threat these days (Muteeb et al., 2023; Tang et al., 2023). Many antibiotics are not 

useful for many bacterial infections nowadays because bacteria develop resistance against these antibiotics and they aren't 

able to kill these bacteria anymore (Costanzo and Roviello, 2023). Superbugs and multidrug-resistant bacteria are endemic 

in many parts of the world (Aslam et al., 2023; Panuli et al., 2023). This is the start of resistance as time proceeds all bacteria 

may develop resistance and infections become untreatable. Before this happens, we have to develop alternatives to these 

antibiotics. (Christaki, Marcou, and Tofarides, 2020)  

Nanoparticles can easily alternate these conventional antibiotics (Kanwar et al., 2023). They can not only work against 

bacterial infection but also against viral infections, which is the best thing about them (Teirumnieks et al., 2023; Aguilera et 

al., 2021). Nanoparticles have a high surface area-to-volume ratio, tailored surface properties, and customizable 

composition (Schneider et al., 2021). These properties make nanoparticles act against the pathogen. Nanoparticles can also 

be designed to specifically target microbial cells while minimizing adverse effects on host cells (Sethu et al. 2017). They are 

also concerned with toxicity, scalability, and regulatory factors.  

They can be used in wound dressing (Kalantari et al., 2020), coating for medical devices (Marassi et al. 2018), and as 

delivery systems for antimicrobial drugs (Canaparo et al., 2019). Nanoparticles play a role in water purification systems by 

effectively eliminating bacteria eliminating bacterial contaminants (Joseph et al., 2023). Future research aims to optimize 

nanoparticles for improved efficacy, biocompatibility, and scalability.  

 

Nanoparticles as Precision Tools against Bacterial Infection 

Nanoparticles have emerged as strong candidates for fighting against bacterial infections with unique properties and 

applications (Khan and Rasool, 2023). By functionalizing the surface of nanoparticles, scientists can design them to 

recognize and bind selectively to bacterial cell surfaces (Ho et al. 2004). This gives a specific targeting approach to 

nanoparticles. Nanoparticles have a different way of interacting with bacteria. Some penetrate bacterial cell walls (Mei et 

al., 2013), destroy cell wall integrity, and cause cell death. Some release antimicrobial compounds or generate reactive 

oxygen species which stop bacterial growth and interact with important cellular processes, making them effective 

antibacterial agents (Karanwal et al. 2023). 

The rise of antibiotic-resistant bacteria can be treated with nanoparticle solutions. Nanoparticles can fight against 

resistance strains through multiple MOA making them effective against multidrug-resistant bacteria. (Cui and Zhang, 

2012). In bacterial infection, vascular permeability increases due to the release of bacterial components which trigger an 

inflammatory response and malfunction in the body's defense system. Nanoparticles take advantage of it and enhance 

permeation and retention for targeted antibiotic delivery to the site of infection (Gao et al., 2014). Bacteria usually maintain 

a negative surface charge, nanoparticles that are positively charged are designed to bind to bacteria through electrostatic 

interaction and neutralize the bacteria (Tan and Onur, 2018; Wang and Shao, 2017). 

Nanoparticles can be functionalized with a pathogen-binding ligand such as small molecules e.g. lectins, antibiotics, or 

bacteriophage proteins. These ligands help in specific binding to bacteria which increases the precision of nanoparticles to 

target specific pathogens (Yeh et al., 2020). Macrophages can take the nanoparticle to the targeted site through passive or 

ligand-mediated mechanisms which improves antibiotic therapy, particularly for intracellular bacterial infections (Gao et al., 

2014). Some nanoparticle-based vaccines are also made which can treat and produce immunity against bacterial infections 

(Lin et al., 2018). 

Nanoparticles provide us with a solution to problems faced by traditional vaccines. By conjugating antigen to the 

nanoparticle surface, b-cell activation is facilitated due to increased antigen delivery to antigen-presenting cells. modern 

fabrication methods like layer-by-layer and cellular membrane-coated nanoparticles increase antigen loading and immune 

modulation (Bezbaruah et al., 2022). Nanoparticles allow for the parallel delivery of antigens and adjuvants that mimic 

natural microbes (Gao et al., 2014). Toll-like receptor ligands can be delivered using nanoparticles that boost the immune 

response (Haegebaert et al., 2022).  

Nanoparticles can be delivered very specifically at specific sites safely and effectively. For example, pH-responsive 

nanoparticles protect antigens in the stomach and release them in lower GIT for translocation across in intestinal 

epithelium (Gao and Zhang, 2014). Nanoparticles are also used in the detection of bacterial infections in different parts of 

the body (Aflakian et al., 2023). Silica nanoparticles which have various fluorescent molecules enable ultrasensitive bacterial 

infection at single cell level (Gao et al., 2014). Semiconductor dots are used for sensitive bacterial detection and help in 

identifying different strains of bacteria (Zhang et al., 2023). Iron oxide nanoparticles are used to isolate bacteria from blood 

samples (Al-Rawi et al., 2021). Microfluidic systems with these nanoparticles allow high-throughput bacterial detection 

(Zhou et al., 2019). Paramagnetic iron oxide nanoparticles help in the detection of ultra-sensitive bacteria by using an MRI 

system (Gao et al., 2014). 
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Gold nanoparticles have unique properties that help in the detection of bacterial infections aggregation of gold 

nanoparticles due to changes in the plasmon resonance spectrum is used to detect bacterial DNAs and proteins (Mehrabi 

et al, 2023). 

 

 
 

Mechanism of Action: 

Nanoparticles interact differentially with different organisms (Deng et al., 2017). The nanoparticles also have different 

modes of action. Some nanoparticles bind with the cell wall. Some are attached to the protein of the cell. Silver NPs 

damage the membrane (Duran et al., 2016), bind protein to inactive it (Banerjee and Das, 2013), and stop the replication of 

DNA (Abbas et al., 2019). In E. coli, Ag NPs accumulate the enveloped protein in the cytoplasm by disappearing the proton 

motive force (Rao et al., 2022). This accumulation stops the proper functioning of protein in the membrane. In 

Staphylococcus aureus, AG NPs elevate the formate acetyltransferase which forms an anaerobic condition and reduces 

recombinase A which is related to DNA repair in this species (Cui et al., 2012). 

TiO2 and ZnO NPs kill bacteria by producing reactive oxygen species (hydroxyl radical and hydrogen peroxide) under 

exposure to UV radiation (Leung et al. 2016). Gold NPs have a very unique mode of action. They disorganize the cell 

membrane, attach to nucleic acid, and stop the production of protein (Cui et al., 2012). Thus, they kill bacteria. They have 

bactericidal properties against E. coli (Hameed et al. 2020; Cui et al., 2012). Gold NPs exert their antimicrobial action in two 

ways: one is to change the potential of the membrane and stop the production of ATP Synthase due to which synthesis of 

ATP stops and general metabolism decreases. The other is they stop the subunit of Ribosome from binding with tRNA. AU 

NPs also increase the chemotaxis in early-phase reactions (Cui and Zhang, 2012).  

 

Nanotechnology's Role In Combating Viral Infections 

Nanoparticles play an important role in fighting against viral infections (Rai et al., 2016). It helps in the detection, 

diagnosis, treatment, and prevention of viral infections (Yadavalli and Shukla et al., 2017). Nanoparticles can be used to 

detect viral infections. It helps in the development of highly sensitive and specific diagnostic tools for viral infections 

(Koudelka et al. 2015). Nanoparticle-based assays such as quantum dots and gold nanoparticles increase the sensitivity of 

PCR and immunoassay to detect viral infections easily (Banerjee et al., 2018). 

Nanoparticles are an effective carrier for antiviral drugs to be delivered at targeted sites (Maus et al., 2021). Lipid-

based nanoparticles, polymeric nanoparticles, and dendrimers enable controlled release and increased bioavailability of 

antiviral agents (Chakraverty and Vora, 2021). This targeted delivery can minimize the adverse effects of drugs and 

maximize the therapeutic effects against viral infections. Nanoparticles are also used in important vaccines against viral 

infection (Szulczewski et al., 2018). Nanoparticles are used to boost the immune system by mimicking viral agents (Li et al., 

2021). Nanoparticle-based vaccines are more stable and have more efficacy against infections (Diaz-Arevalo et al., 2020). 

They promote immune responses and help in targeted approaches to immune cells. 
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Nanoparticle types MOA Average size  Bacterial strains Reference 

Au Damage Cell membrane 20-30 nm Drug-Resistant S. aureus, k. 

pnueumoniae and E. coli 

Predeepa et al., 2016 

Ag Stop replication of DNA 12-15 nm S. aureus, E. coli, S. typhimurium Bajaj et al., 2017 

Fe3O4-Ag Increased hydrophilicity 20-25 nm S. aureus, E. coli Zomorodian et al., 2018 

MnFe2O4 Inhibit the growth 17 nm S. aureus, E. coli Pu et al., 2016 

Chitosan Stop DNA replication 200 nm Staphylococcus Silva et al. 2015 

Heparin  Inactivate thrombin  250 nm  E. coli  Kumar et al., 2016 

PMLA Hydrolytic Degradation 302 nm S. aureus, E. coli Arif et al., 2018 

SLNs Defuse In Cell Membrane 133 nm MRSA Kalhapure et al.,2017 

PEG Reduce protein and small 

molecule interaction 

180 nm P. aeruginosa Yin et al., 2017 

NLCS Improve Drug Permeability 175-330 nm S. epidermidis Lewies et al., 2017 

Dendritic MSNs Growth Inhibition 79-160 nm E. coli Wang et al. 2016 

 

Nanoparticles are used to design material that can stop the attachment of the virus to the host cell (Rai et al., 2016). 

They can also stop the entry of viruses into host cells. They can interfere with their replication process and stop them from 

spreading in the body (Goharshadi et al., 2020). They can neutralize viruses directly and increase the traditional antiviral 

treatments. 

Nanotechnology contributes to the development of antiviral coating for personal protective equipment (Phuna et al., 

2023), surfaces (Erkoc et al., 2021), and medical equipment. Nanomaterials with virucidal properties are designed to 

prevent the transmission of viral infections. 

Nanoparticles are used to prepare many vaccines to treat viral infections (Kuczenski et al., 2018). The benefit of 

Nanovaccines is that they can deliver peptides or proteins to very specific cells which help boost the immune response and 

no booster dose is required (Gheibi Hayat et al., 2019). Nps also protect vaccines from enzymatic degradation, especially 

for mucosal vaccinations (Jin et al., 2019). They are easy to produce and have great biocompatibility and biodegradability 

which improve the bioavailability of antigens in vivo and influence the immune system. Memory cells are generated 

through these vaccines which make them successful against viral infections (Sulcuzewski, Liszbinski, Romao and Rodrigues, 

2018). 

AIDS is a very dangerous viral disease caused by HIV (Bekker et al., 2023). Its cure is very hard to find. Currently, in 

advanced medication, there are six medicine classes used to attack different stages of the virus. But these medicines are 

not easy to take. They have a heavy pill burden, toxicity, and other side effects. Moreover, AIDS is chronic so medication 

remains the whole life. So, there is a big need to develop modern technology. And nanoparticles can be used. ARV drug 

delivery with nanoparticles can decrease the pill's burden and toxicity of drugs. NPs can also be used to prepare vaccines 

against HIV (Jampilek and kralova, 2022). There are many studies conducted to evaluate the result of nanoparticles as a 

drug delivery system in AIDS and those studies have very good results. E.g. studies by Chioda et al (2014), Jayant et al 

(2015) Jaramillo-Ruiz et al (2016), and Parbossing et al (2017). 

HBV is the cause of inflammation of the liver. It causes liver failure and cirrhosis, and the treatment of very high cost 

moreover toxicity by anti-HBV drugs is very high. To overcome these problems, many nano-therapy (interferon, pegylated 

IFN, lamivudine, adefovir, entecavir, telvivudine, and tenofovir) are available that have very good results. (Singh, Kruger, 

Maguire, Govender and Parboosing, 2017). 

 

Virus Nanoparticle type Size Mechanism Of Action 

HIV-1 Silver (Ag)  1-10 nm Interaction with gp 120 

Gold (Au) 2-20 Bind with Viral envelope glycoprotein 

Polymeric  50 nm Inhibition of TAK-779 receptor 

HSV-1 Ag 4nm Competition for the binding of the virus to cell 

Au 

HBV Ag  10-50 nm Interact with DNA 

Monkeypox virus Ag 10-80 nm  Block host- virus-cell binding and penetration 

Influenza Virus   Au  5-10 nm Inhibition of virus binding to plasma membrane 

 

REFERENCES 
 

Anis, T., Ul Hassan, S. M., Khurshid, A., Fakhar-e-Alam, M., Shahzad, F., Ali, A., and Hossain, N. (2023). Hollow 

multicomponent capsules for biomedical applications: a comprehensive review. Journal of Cluster Science, 34(1), 77-

110. 

Aguilera-Correa, J. J., Esteban, J., and Vallet-Regí, M. (2021). Inorganic and polymeric nanoparticles for human viral and 

bacterial infections prevention and treatment. Nanomaterials, 11(1), 137. 

Aslam, B., Ahmad, M., Tariq, M. U., Muzammil, S., Siddique, A. B., Khurshid, M., and Baloch, Z. (2023). Antibiotic resistance: 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

238 

retrospect and prospect. In Degradation of Antibiotics and Antibiotic-Resistant Bacteria from Various Sources (pp. 1-37). 

Academic Press. 

Aflakian, F., Mirzavi, F., Aiyelabegan, H. T., Soleimani, A., Gholizadeh Navashenaq, J., Karimi-Sani, I., Rafati Zomorodi, A., and 

Vakili-Ghartavol, R. (2023). Nanoparticles-based therapeutics for the management of bacterial infections: A special 

emphasis on FDA approved products and clinical trials. European Journal of Pharmaceutical Sciences, 188, 106515 

Al-Rawi, M., and Al-Mudallal, N. H. A. (2021). Determination of ferrous oxide nanoparticles minimum inhibitory 

concentration against local virulent bacterial isolates. Archives of Razi Institute, 76(4), 795. 

Abbas, W. S., Atwan, Z. W., Abdulhussein, Z. R., and Mahdi, M. A. (2019). Preparation of silver nanoparticles as antibacterial 

agents through DNA damage. Materials Technology, 34(14), 867-879. 

Alarcon, E. I., Griffith, M., and Udekwu, K. I. (2015). Silver nanoparticle applications. Springer International Publishing. doi, 10, 

978-3. 

Babu, P. J., and Tirkey, A. (2023). Green synthesis of gold nanoparticles and their biomedical and healthcare applications. In 

Nanotechnology and Human Health (pp. 191-229). Elsevier. 

Bezbaruah, R., Chavda, V. P., Nongrang, L., Alom, S., Deka, K., Kalita, T., Ali, F., Bhattacharjee, B., and Vora, L. (2022). 

Nanoparticle-Based Delivery Systems for Vaccines. Vaccines, 10(11) 

Banerjee, R., and Jaiswal, A. (2018). Recent advances in nanoparticle-based lateral flow immunoassay as a point-of-care 

diagnostic tool for infectious agents and diseases. Analyst, 143(9), 1970-1996. 

Burtscher, H., and Schüepp, K. (2012). The occurrence of ultrafine particles in the specific environment of children. 

Paediatric Respiratory Reviews, 13(2), 89-94. 

Barcelo, S. J., Lam, S. T., Gibson, G. A., Sheng, X., and Henze, D. (2012, March). Nanosphere lithography based technique for 

fabrication of large area well-ordered metal particle arrays. In Alternative Lithographic Technologies IV (Vol. 8323, pp. 

547-553). SPIE. 

Buzea, Cristina, Ivan I. Pacheco and Robbie, K. (2007). "Nanomaterials and nanoparticles: sources and toxicity." 

Biointerphases 2, no. 4 (2007): MR17-MR71. 

Bisht, D., Sajjanar, B. K., Saxena, S., Kakodia, B., Dighe, V., Thakuria, D., and Kumar, S. (2023). Identification and 

characterization of phage display-selected peptides having affinity to Peste des petits ruminants virus. Journal of 

Immunological Methods, 515, 113455. 

Calovi, M., Coroneo, V., Palanti, S., and Rossi, S. (2023). Colloidal silver as innovative multifunctional pigment: The effect of 

Ag concentration on the durability and biocidal activity of wood paints. Progress in Organic Coatings, 175, 107354. 

Cho, H. J., Jang, J. W., Ko, S. Y., Choi, S. H., Lim, C. S., and An, S. S. A. (2015). Evaluation and verification of the nanosphere 

Verigene RV+ assay for detection of influenza A/B and H1/H3 subtyping. Journal of Medical Virology, 87(1), 18-24. 

Costanzo, V., and Roviello, G. N. (2023). The Potential Role of Vaccines in Preventing Antimicrobial Resistance (AMR): An 

Update and Future Perspectives. Vaccines, 11(2), 333. 

Chakravarty, M., and Vora, A. (2021). Nanotechnology-based antiviral therapeutics. Drug Delivery and Translational 

Research, 11, 748-787. 

Christaki, E., Marcou, M., and Tofarides, A. (2020). Antimicrobial resistance in bacteria: mechanisms, evolution, and 

persistence. Journal of Molecular Evolution, 88, 26-40 

Canaparo, R., Foglietta, F., Giuntini, F., Della Pepa, C., Dosio, F., and Serpe, L. (2019). Recent developments in antibacterial 

therapy: Focus on stimuli-responsive drug-delivery systems and therapeutic nanoparticles. Molecules, 24(10), 1991. 

Cui, Y., Zhao, Y., Tian, Y., Zhang, W., Lü, X., and Jiang, X. (2012). The molecular mechanism of action of bactericidal gold 

nanoparticles on Escherichia coli. Biomaterials, 33(7), 2327-2333.  

Chiodo, F., Marradi, M., Calvo, J., et al. (2014). Glycosystems in nanotechnology: gold glyconanoparticles as carrier for anti-

HIV prodrugs. Beilstein Journal Org Chemistry, 10: 1339–1346. 

Diaz-Arévalo, D., and Zeng, M. (2020). Nanoparticle-based vaccines: opportunities and limitations. In Nanopharmaceuticals 

(pp. 135-150). Elsevier. 

Deng, R., Lin, D., Zhu, L., Majumdar, S., White, J. C., Gardea-Torresdey, J. L., and Xing, B. (2017). Nanoparticle interactions 

with co-existing contaminants: joint toxicity, bioaccumulation and risk. Nanotoxicology, 11(5), 591-612. 

Durán, N., Durán, M., De Jesus, M. B., Seabra, A. B., Fávaro, W. J., and Nakazato, G. (2016). Silver nanoparticles: A new view 

on mechanistic aspects on antimicrobial activity. Nanomedicine: Nanotechnology, Biology and Medicine, 12(3), 789-799. 

Dorodnyy, A., Smajic, J., and Leuthold, J. (2023). Mie Scattering for Photonic Devices. Laser and Photonics Reviews, 17(9), 

2300055. 

Dahy, G., Soliman, M. M., Alshater, H., Slowik, A., and Hassanien, A. E. (2023). Optimized deep networks for the classification 

of nanoparticles in scanning electron microscopy imaging. Computational Materials Science, 223, 112135. 

Diaspro, A. (2022). Expedition Into the Nanoworld: An Exciting Voyage from Optical Microscopy to Nanoscopy. Springer 

Nature. 

Erkoc, P., and Ulucan-Karnak, F. (2021). Nanotechnology-based antimicrobial and antiviral surface coating strategies. 

Prosthesis, 3(1), 25-52. 

Franci, G., Falanga, A., Galdiero, S., Palomba, L., Rai, M., Morelli, G., and Galdiero, M. (2015). Silver nanoparticles as potential 

antibacterial agents. Molecules, 20(5), 8856-8874. 

Fang, R. H., Luk, B. T., Hu, C. J., and Zhang, L. (2015). Engineered nanoparticles mimicking cell membranes for toxin 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

239 

neutralization. Advanced Drug Delivery Reviews, 90, 69-80.  

Farid, M., Faber, T., Dietrich, D., and Lamprecht, A. (2020). Cell membrane fusing liposomes for cytoplasmic delivery in brain 

endothelial cells. Colloids and Surfaces B: Biointerfaces, 194, 111193. 

Fedotov, P. S., Ermolin, M. S., and Ivaneev, A. I. (2023). Study of Elemental Composition and Properties of Volcanic Ash and 

Urban Dust Nanoparticles. In Advances in Geochemistry, Analytical Chemistry, and Planetary Sciences: 75th Anniversary 

of the Vernadsky Institute of the Russian Academy of Sciences (pp. 133-143). Cham: Springer International Publishing. 

Sharoon, G., Masood, M.I., Nasim, M. J., Sarfraz, M., Ebokaiwe, A. P., Schäfer, K. H., Keck, C. M., and Jacob, C., (2017).  

"Natural nanoparticles: a particular matter inspired by nature." Antioxidants 7, no. 1 (2017): 3. 

Goethals, E. C., Elbaz, A., Lopata, A. L., Bhargava, S. K., and Bansal, V. (2013). Decoupling the effects of the size, wall 

thickness, and porosity of curcumin-loaded chitosan nanocapsules on their anticancer efficacy: size is the winner. 

Langmuir, 29(2), 658-666. 

Garg, D., Sarkar, A., Chand, P., Bansal, P., Gola, D., Sharma, S., and Bharti, R. K. (2020). Synthesis of silver nanoparticles 

utilizing various biological systems: mechanisms and applications—a review. Progress in Biomaterials, 9, 81-95. 

Gao, W., Thamphiwatana, S., Angsantikul, P., and Zhang, L. (2014). Nanoparticle Approaches against Bacterial Infections. 

Wiley Interdisciplinary Reviews. Nanomedicine and Nanobiotechnology, 6(6), 532.  

Goharshadi, E. K., Goharshadi, K., and Moghayedi, M. (2022). The use of nanotechnology in the fight against viruses: A 

critical review. Coordination Chemistry Reviews, 464, 214559. 

Gheibi Hayat, S. M., and Darroudi, M. (2019). Nanovaccine: A novel approach in immunization. Journal of Cellular 

Physiology, 234(8), 12530-12536. 

Hammami, I., Alabdallah, N. M., Jomaa, A. A., and Kamoun, M. (2021). Gold nanoparticles: Synthesis properties and 

applications. Journal of King Saud University - Science, 33(7), 101560.  

Selim, M. M., El-Safty, S., Tounsi, A., and Shenashen, M. (2023). Review of the impact of the external magnetic field on the 

characteristics of magnetic nanofluids. Alexandria Engineering Journal, 76, 75-89.  

Hasan, S. (2015). A review on nanoparticles: their synthesis and types. Research Journal Recent Science, 2277, 2502. 

Heiligtag, F. J., and Niederberger, M. (2013). The fascinating world of nanoparticle research. Materials Today, 16(7-8), 262-

271. 

Hameed, S., Wang, Y., Zhao, L., Xie, L., and Ying, Y. (2020). Shape-dependent significant physical mutilation and 

antibacterial mechanisms of gold nanoparticles against foodborne bacterial pathogens (Escherichia coli, Pseudomonas 

aeruginosa and Staphylococcus aureus) at lower concentrations. Materials Science and Engineering: C, 108, 110338. 

Haegebaert, R. M., Kempers, M., Ceelen, W., Lentacker, I., and Remaut, K. (2022). Nanoparticle mediated targeting of toll-

like receptors to treat colorectal cancer. European Journal of Pharmaceutics and Biopharmaceutics, 172, 16-30.  

Ho, K. C., Tsai, P. J., Lin, Y. S., and Chen, Y. C. (2004). Using biofunctionalized nanoparticles to probe pathogenic bacteria. 

Analytical Chemistry, 76(24), 7162-7168. 

Hasmin, N. A., Matmin, J., and Basir, S. A. (2022). National Nanotechnology Policies in Malaysia, European Union and United 

States: A Comparative Analysis. Quantum Journal of Social Sciences and Humanities, 3(3), 72-92. 

Ismail, M., Khan, M. I., Akhtar, K., Seo, J., Khan, M. A., Asiri, A. M., and Khan, S. B. (2019). Phytosynthesis of silver 

nanoparticles; naked eye cellulose filter paper dual mechanism sensor for mercury ions and ammonia in aqueous 

solution. Journal of Materials Science: Materials in Electronics, 30, 7367-7383. 

Joseph, T. M., Kar Mahapatra, D., Esmaeili, A., Piszczyk, Ł., Hasanin, M. S., Kattali, M., and Thomas, S. (2023). Nanoparticles: 

Taking a unique position in medicine. Nanomaterials, 13(3), 574. 

Jayant, R.D., Atluri, V.S.R., Agudelo, M., et al. (2015). Sustained-release nanoART formulation for the treatment of 

neuroAIDS. International Journal Nanomedicine, 10: 1077–1093. 

Jaramillo-Ruiz, D., De La, Mata F.J., Gómez, R., et al. (2016). Nanotechnology as a new therapeutic approach to prevent the 

HIV infection of Treg cells. PLoS ONE, 11: e0145760. 

Jampílek, J., and Kráľová, K. (2022). Nanotechnology: New frontiers in anti-HIV therapy. In Nanotechnological Applications 

in Virology (pp. 129-171). Academic Press. 

Jayalatha, A., and Rayappan, J. B. B. (2015). Light on Theoretical Path to Nanoparticles—A Review. Reviews in Theoretical 

Science, 3(3), 245-256. 

Jin, Z., Gao, S., Cui, X., Sun, D., and Zhao, K. (2019). Adjuvants and delivery systems based on polymeric nanoparticles for 

mucosal vaccines. International Journal of Pharmaceutics, 572, 118731. 

Khatun, E., and Pradeep, T. (2023). Alloy nanoclusters. In Atomically Precise Metal Nanoclusters (pp. 393-426). Elsevier. 

Kanwar, A., Virmani, M., Lal, S., Chaudhary, K., Kumar, S., Magotra, A., and Pandey, A. K. (2023). Silver nanoparticle as an 

alternate to antibiotics in cattle semen during cryopreservation. Animal Reproduction, 20, e20220030. 

Karnwal, A., Kumar, G., Pant, G., Hossain, K., Ahmad, A., and Alshammari, M. B. (2023). Perspectives on Usage of Functional 

Nanomaterials in Antimicrobial Therapy for Antibiotic-Resistant Bacterial Infections. ACS Omega, 8(15), 13492-13508. 

Kalantari, K., Mostafavi, E., Afifi, A. M., Izadiyan, Z., Jahangirian, H., Rafiee-Moghaddam, R., and Webster, T. J. (2020). Wound 

dressings functionalized with silver nanoparticles: Promises and pitfalls. Nanoscale, 12(4), 2268-2291. 

Khan, I., Saeed, K., and Khan, I. (2019). Nanoparticles: Properties, applications and toxicities. Arabian Journal of Chemistry, 

12(7), 908-931. 

Koudelka, K. J., Pitek, A. S., Manchester, M., and Steinmetz, N. F. (2015). Virus-based nanoparticles as versatile 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

240 

nanomachines. Annual Review of Virology, 2, 379-401. 

Li, Y., Ji, T., Torre, M., Shao, R., Zheng, Y., Wang, D., and Kohane, D. S. (2023). Aromatized liposomes for sustained drug 

delivery. Nature Communications, 14(1), 6659. 

Li, Z., Xu, K., Qin, L., Zhao, D., Yang, N., Wang, D., and Yang, Y. (2023). Hollow Nanomaterials in Advanced Drug Delivery 

Systems: From Single‐to Multiple Shells. Advanced Materials, 35(12), 2203890. 

Litter, M. I., and Ahmad, A. (2023). The world of nanotechnology. In Industrial applications of nanoparticles (pp. 1-15). CRC 

Press. 

Litter, M. I., and Ahmad, A. (2023). Industrial Applications of Nanoparticles: A Prospective Overview. CRC Press 

Leung, Y. H., Xu, X., Ma, A. P., Liu, F., Ng, A. M., Shen, Z., and Leung, F. C. (2016). Toxicity of ZnO and TiO2 to Escherichia coli 

cells. Scientific Reports, 6(1), 35243. 

Lin, L. C. W., Chattopadhyay, S., Lin, J. C., and Hu, C. M. J. (2018). Advances and opportunities in nanoparticle‐and 

nanomaterial‐based vaccines against bacterial infections. Advanced Healthcare Materials, 7(13), 1701395. 

Li, N., Georas, S., Alexis, N., Fritz, P., Xia, T., Williams, M. A., and Nel, A. (2016). A work group report on ultrafine particles 

(AAAAI) why ambient ultrafine and engineered nanoparticles should receive special attention for possible adverse 

health outcomes in humans. The Journal of Allergy and Clinical Immunology, 138(2), 386. 

Majeed, H., Iftikhar, T., and Abid, R. (2024). Green synthesis of zinc nanoparticles with plant material and their potential 

application in bulk industrial production of mosquito-repellent antibacterial paint formulations. Reaction Chemistry 

and Engineering. 

Malik, S., Muhammad, K., and Waheed, Y. (2023). Nanotechnology: A revolution in modern industry. Molecules, 28(2), 661. 

Merupo, V., Zarate, J. C., Abramova, A., Arjona, N., Herrera-Celis, J., and Arriaga, L. G. (2023). Inorganic Nanoparticles. 

Nanochemistry: Synthesis, Characterization and Applications, 33. 

Milani, M., Curia, R., Shevlyagina, N. V., and Tatti, F. (2023). Staphylococcus aureus Staphylococcus aureus Scouts the 

Nanoworld: A Neverending Story Nano world. In Bacterial Degradation of Organic and Inorganic Materials: 

Staphylococcus aureus Meets the Nanoworld (pp. 57-76). Cham: Springer International Publishing. 

Muteeb, G., Rehman, M. T., Shahwan, M., and Aatif, M. (2023). Origin of Antibiotics and Antibiotic Resistance, and Their 

Impacts on Drug Development: A Narrative Review. Pharmaceuticals, 16(11), 1615. 

Mehrabi, M. R., Soltani, M., Chiani, M., Raahemifar, K., and Farhangi, A. (2023). Nanomedicine: New Frontiers in Fighting 

Microbial Infections. Nanomaterials, 13(3) 

Mubeen, B., Ansar, A. N., Rasool, R., Ullah, I., Imam, S. S., Alshehri, S., and Kazmi, I. (2021). Nanotechnology as a novel 

approach in combating microbes providing an alternative to antibiotics. Antibiotics, 10(12), 1473. 

Munir, M., Hussain, S., Anwar, R., Waqas, M., and Ali, J. (2020). The Role of Nanoparticles in the Diagnosis and Treatment of 

Diseases. Scientific Inquiry and Review, 4(3), 14-26. 

Ma, Y. (2022). New progress in international nanotechnology research in the past ten years–visual analysis based on 

CitesSpace. Journal of Computational Methods in Sciences and Engineering, 22(1), 265-277. 

Mitragotri, S., and Stayton, P. (2014). Organic nanoparticles for drug delivery and imaging. Mrs Bulletin, 39(3), 219-223. 

Marassi, V., Di Cristo, L., Smith, S. G., Ortelli, S., Blosi, M., Costa, A. L., and Prina-Mello, A. (2018). Silver nanoparticles as a 

medical device in healthcare settings: A five-step approach for candidate screening of coating agents. Royal Society 

Open Science, 5(1), 171113. 

Mei, L., Lu, Z., Zhang, W., Wu, Z., Zhang, X., Wang, Y., and Jia, Y. (2013). Bioconjugated nanoparticles for attachment and 

penetration into pathogenic bacteria. Biomaterials, 34(38), 10328-10337. 

Maus, A., Strait, L., and Zhu, D. (2021). Nanoparticles as delivery vehicles for antiviral therapeutic drugs. Engineered 

Regeneration, 2, 31-46. 

Sulczewski, F. B., Liszbinski, R. B., Romão, P. R., and Rodrigues Junior, L. C. (2018). Nanoparticle vaccines against viral 

infections. Archives of Virology, 163, 2313-2325. 

Montanarella, F., and Kovalenko, M. V. (2022). Three millennia of nanocrystals. ACS Nano, 16(4), 5085-5102. 

Mirguet, C., Fredrickx §, P., Sciau, P., and Colomban, P. (2008). Origin of the self-organisation of Cu/Ag nanoparticles in 

ancient lustre pottery. A TEM study. Phase Transitions, 81(2-3), 253-266. 

Natesan, V., and Kim, S. J. (2023). The Trend of Organic Based Nanoparticles in the Treatment of Diabetes and Its 

Perspectives. Biomolecules and Therapeutics, 31(1), 16. 

Nsairat, H., Khater, D., Sayed, U., Odeh, F., Bawab, A. A., and Alshaer, W. (2022). Liposomes: Structure, composition, types, 

and clinical applications. Heliyon, 8(5).  

Norton, M. G. (2023). There’s Still Plenty of Room at the Bottom. In A Modern History of Materials: From Stability to 

Sustainability (pp. 81-100). Cham: Springer International Publishing. 

Phuna, Z. X., Panda, B. P., Hawala Shivashekaregowda, N. K., and Madhavan, P. (2023). Nanoprotection from SARS-COV-2: 

would nanotechnology help in Personal Protection Equipment (PPE) to control the transmission of Suhag, D., Thakur, 

P., and Thakur, A. (2023). Introduction to nanotechnology. In Integrated Nanomaterials and their Applications (pp. 1-

17). Singapore: Springer Nature Singapore. 

COVID-19?. International Journal of Environmental Health Research, 33(7), 670-699 

Natan, M., and Banin, E. (2017). From Nano to Micro: using nanotechnology to combat microorganisms and their 

multidrug resistance. FEMS Microbiology Reviews, 41(3), 302-322. 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

241 

Nim, N., Morris, J., Tekasakul, P., and Dejchanchaiwong, R. (2023). Fine and ultrafine particle emission factors and new 

diagnostic ratios of PAHs for peat swamp forest fires. Environmental Pollution, 335, 122237. 

Paulami, D. A. M., Paret, M. L., Mondal, R., and Mandal, A. K. (2023). Advancement of noble metallic nanoparticles in 

agriculture: a promising future. Pedosphere, 33(1), 116-128. 

Parboosing R, Chonco L, De La, Mata FJ, et al. (2017). Potential inhibition of HIV-1 encapsidation by oligoribonucleotide–

dendrimer nanoparticle complexes. International Journal Nanomedicine, 12: 317–325. 

Parveen, K., Banse, V., and Ledwani, L. (2016). Green synthesis of nanoparticles: Their advantages and disadvantages. In AIP 

Conference Proceedings (Vol. 1724, No. 1). AIP Publishing. 

Rao, S. Q., Zhang, R. Y., Chen, R., Gao, Y. J., Gao, L., and Yang, Z. Q. (2022). Nanoarchitectonics for enhanced antibacterial 

activity with Lactobacillus buchneri S-layer proteins-coated silver nanoparticles. Journal of Hazardous Materials, 426, 

128029. 

Rai, M., Deshmukh, S. D., Ingle, A. P., Gupta, I. R., Galdiero, M., and Galdiero, S. (2016). Metal nanoparticles: The protective 

nanoshield against virus infection. Critical Reviews in Microbiology, 42(1), 46-56. 

Santos, C. S., Gabriel, B., Blanchy, M., Menes, O., García, D., Blanco, M., and Neto, V. (2015). Industrial applications of 

nanoparticles–a prospective overview. Materials Today: Proceedings, 2(1), 456-465. 

Stempski, B., and Grodzicki, G. (2019). Production of surface agents for limiting the growth of bacteria and fung based on 

silver nano and microparticles made by electrochemical methods on an industrial scale. In Smart Cities International 

Conference (SCIC) Proceedings (Vol. 7, pp. 225-233). 

Stone, V., Nowack, B., Baun, A., van den Brink, N., von der Kammer, F., Dusinska, M., and Fernandes, T. F. (2010). 

Nanomaterials for environmental studies: classification, reference material issues, and strategies for physico-chemical 

characterization. Science of the Total Environment, 408(7), 1745-1754. 

Shen, M. X., Ma, N., Li, M. K., Liu, Y. Y., Chen, T., Wei, F., and Yang, Z. Q. (2019). Antiviral properties of R. tanguticum 

nanoparticles on herpes simplex virus type I in vitro and in vivo. Frontiers in Pharmacology, 10, 959. 

Syafiuddin, A., Salmiati, Salim, M. R., Beng Hong Kueh, A., Hadibarata, T., and Nur, H. (2017). A review of silver 

nanoparticles: research trends, global consumption, synthesis, properties, and future challenges. Journal of the Chinese 

Chemical Society, 64(7), 732-756. 

Sironmani, A., and Daniel, K. (2011). Silver nanoparticles–universal multifunctional nanoparticles for bio sensing, imaging 

for diagnostics, and targeted drug delivery for therapeutic applications. Drug Discovery and Development–present and 

Future, 463-84. 

Shen, L., Li, B., and Qiao, Y. (2018). Fe3O4 nanoparticles in targeted drug/gene delivery systems. Materials, 11(2), 324. 

Schneider, R., Facure, M. H., Chagas, P. A., Andre, R. S., dos Santos, D. M., and Correa, D. S. (2021). Tailoring the surface 

properties of micro/nanofibers using 0d, 1d, 2d, and 3d nanostructures: a review on post‐modification methods. 

Advanced Materials Interfaces, 8(13), 2100430. 

Sethu, S. N., Namashivayam, S., Devendran, S., Nagarajan, S., Tsai, W. B., Narashiman, S., and Ambigapathi, M. (2017). 

Nanoceramics on osteoblast proliferation and differentiation in bone tissue engineering. International Journal of 

Biological Macromolecules, 98, 67-74. 

Shubayev, V. I., Pisanic II, T. R., and Jin, S. (2009). Magnetic nanoparticles for theragnostics. Advanced Drug Delivery Reviews, 

61(6), 467-477. 

Sulczewski, F. B., Liszbinski, R. B., Romão, P. R., and Rodrigues Junior, L. C. (2018). Nanoparticle vaccines against viral 

infections. Archives of Virology, 163, 2313-2325. 

Singh, L., Kruger, H. G., Maguire, E. M., Govender, T., and Parboosing, R. (2017). The role of nanotechnology in the 

treatment of viral infections. Therapeutic Advances in Infectious Disease. https://doi.org/10.1177/2049936117713593  

Talapin, D. V., and Shevchenko, E. V. (2016). Introduction: nanoparticle chemistry. Chemical Reviews, 116(18), 10343-10345. 

Tan, G., and Onur, M. A. (2018). Cellular localization and biological effects of 20nm‐gold nanoparticles. Journal of 

Biomedical Materials Research Part A, 106(6), 1708-1721. 

Teirumnieks, E., Balchev, I., Ghalot, R. S., and Lazov, L. (2020). Antibacterial and anti-viral effects of silver nanoparticles in 

medicine against COVID-19—a review. Laser Physics, 31(1), 013001. 

Tsai, C. H., Whiteley, C. G., and Lee, D. J. (2019). Interactions between HIV-1 protease, silver nanoparticles, and specific 

peptides. Journal of the Taiwan Institute of Chemical Engineers, 103, 20-32. 

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., and Clancy, C. J. (2023). Infectious diseases society of 

America 2023 guidance on the treatment of antimicrobial resistant gram-negative infections. Clinical Infectious 

Diseases, ciad428. 

Tang, K. W. K., Millar, B. C., and Moore, J. E. (2023). Antimicrobial resistance (AMR). British Journal of Biomedical Science, 80, 

11387. 

Ulises, A., and Sharma, A. (2023). Drug-delivery using Inorganic and Organic Nanoparticles. Nanochemistry: Synthesis, 

Characterization and Applications, 194. 

Verma, H. N., Singh, P., and Chavan, R. M. (2014). Gold nanoparticle: synthesis and characterization. Veterinary World, 7(2), 

72. 

Vasilaki, E., Gaj, G., Wróbel, S., Karchilakis, G., Pietrasik, J., and Vamvakaki, M. (2023). Non-cross-linked hollow polymer 

nanocapsules of controlled size and shell thickness. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

https://doi.org/10.1177/2049936117713593


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

242 

661, 130928. 

Verma, G., Rajagopalan, M. D., Valluru, R., and Sridhar, K. A. (2016). Nanoparticles: A Novel Approach to Target Tumors. 

Nano- and Microscale Drug Delivery Systems, 113-129.  

Verma, P., and Maheshwari, S. K. (2019). Applications of Silver nanoparticles in diverse sectors. International Journal of 

Nano Dimension, 10(1), 18-36. 

Wu, B., Yang, C., Li, B., Feng, L., Hai, M., Zhao, C. X., and Weitz, D. A. (2020). Active encapsulation in biocompatible 

nanocapsules. Small, 16(30), 2002716. 

Wilczewska, A. Z., Niemirowicz, K., Markiewicz, K. H., and Car, H. (2012). Nanoparticles as drug delivery systems. 

Pharmacological Reports, 64(5), 1020-1037. 

Wang, L., Hu, C., and Shao, L. (2017). The antimicrobial activity of nanoparticles: Present situation and prospects for the 

future. International Journal of Nanomedicine, 12, 1227-1249.  

Yeh, C., Huang, H., Yang, C., Chen, C., and Fang, Y. (2020). Nano-Based Drug Delivery or Targeting to Eradicate Bacteria for 

Infection Mitigation: A Review of Recent Advances. Frontiers in Chemistry, 8.  

Yadavalli, T., and Shukla, D. (2017). Role of metal and metal oxide nanoparticles as diagnostic and therapeutic tools for 

highly prevalent viral infections. Nanomedicine: Nanotechnology, Biology and Medicine, 13(1), 219-230. 

Zhang, J., Zhou, M., Li, X., Fan, Y., Li, J., Lu, K., and Ren, J. (2023). Recent advances of fluorescent sensors for bacteria 

detection-A review. Talanta, 254, 124133. 

Zhou, W., Le, J., Chen, Y., Cai, Y., Hong, Z., and Chai, Y. (2019). Recent advances in microfluidic devices for bacteria and 

fungus research. TrAC Trends in Analytical Chemistry, 112, 175-195. 

Zerkani, A., and Abboodi, S. A. (2023). Heat transfer enhancement using ferro-nanofluid with megnatic field in tube having 

inserted twisted tube (Master's thesis, Altınbaş Üniversitesi/Lisansüstü Eğitim Enstitüsü). 

Zahin, N., Anwar, R., Tewari, D., Kabir, M. T., Sajid, A., Mathew, B., and Abdel-Daim, M. M. (2020). Nanoparticles and its 

biomedical applications in health and diseases: special focus on drug delivery. Environmental Science and Pollution 

Research, 27, 19151-19168 


