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ABSTRACT   

Companion animals, including pets and working animals, are susceptible to various ectoparasites. The companion animals 

are mostly affected by fleas, lice, mites, ticks, and flies. These parasites present a significant challenge for the health and 

well-being of animals. These parasites also pose the zoonotic risk by spreading various zoonotic pathogens from animals 

to humans. The use of different chemical (organophosphates, carbamates, pyrethriods, macrocyclic lactones etc.), 

mechanical (grooming) and environmental methods (biological control, sanitation, and environmental modifications) are 

considered as traditional methods in control of ectoparasites. However these control methods exhibit limitations such as 

variable efficacy and toxicity concerns. Similarly, the repeated use of these acaricides has led to environmental pollution, 

resistance development and increase in the treatment cost. The promising approaches to ectoparasite management can be 

found in the growing field of nanotechnology. Owing to their small size, nanoparticles provide opportunity for the 

targeted distribution and continuous release of active substances. Different metallic and polymeric nanoparticles employs 

mechanisms such as cell membrane damage and oxidative stress induction against ectoparasites. Various formulations, 

including topical treatments, environmental applications, and controlled-release formulations demonstrate effectiveness in 

ectoparasite elimination. Overall, nanoparticle-based ectoparasite control shows promise in providing safer, more effective, 

and sustainable solutions for companion animal healthcare, enhancing their health and well-being globally. 
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INTRODUCTION 
 

Companion animals, ranging from beloved household pets to essential working animals, play a significant role in the 

lives of millions of people globally (Overgaauw et al., 2020). Ensuring their health and well-being is vital, yet they are often 

affected by a variety of ectoparasites, including fleas, ticks, mites, and others. These ectoparasites not only cause 

discomfort and irritation to the animals but also pose significant health risks, including the transmission of diseases to 

both animals and humans (Rafiqi et al., 2016). The current methods of ectoparasite control, such as topical and oral 

medications, environmental management, and mechanical methods like grooming, although effective to some extent, are 

not without limitations. These limitations include variable efficacy, potential toxicity, and the development of resistance 

among ectoparasites, presenting ongoing challenges in the management of ectoparasitic infestations (Leone and Han, 

2020). In recent years, the emerging field of nanotechnology has offered promising solutions to these challenges. 

Nanoparticles, defined as particles with dimensions typically ranging from 1 to 100 nanometers, possess unique properties 

that make them highly suitable for applications in animal healthcare. With their small size and large surface area, 

nanoparticles offer enhanced capabilities for targeted delivery, sustained release of active ingredients, and improved 

efficacy in ectoparasite elimination (Najahi-Missaoui et al., 2020).  

This chapter aims to explore the potential of nanoparticles in ectoparasite control in companion animals. This chapter 

will delve into the properties and mechanisms of action of nanoparticles, categorize different types of nanoparticles being 

explored for this purpose, and discuss the advantages and limitations of each type. Furthermore, it will examine the factors 

influencing the effectiveness of nanoparticle-based treatments and explore their application in various formulations, 

including topical treatments, environmental applications, and controlled-release formulations. By shedding light on the 

mailto:mehrozlatif3321@gmail.com
https://doi.org/10.47278/book.CAM/2024.124


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

62 

innovative potential of nanotechnology in ectoparasite control, this chapter seeks to pave the way for the development of 

safer, more effective, and sustainable solutions for the management of ectoparasitic infestations in companion animals, 

ultimately enhancing their health and well-being. 

 

Types of Ectoparasites in Companion Animals 

Companion animals are affected by ectoparasites such as fleas, ticks, lice, and mites, which can lead to various 

health issues. Fleas, belonging to the order Siphonaptera with over 2500 species (Bourne et al., 2018), include cat fleas 

(Ctenocephalides felis) and dog fleas (Ctenocephalides canis) that transmit bacterial pathogens like Bartonella and 

Rickettsia (Durden and Hinkle, 2019). They can cause diseases like flea-borne spotted fever, murine typhus, and cat 

scratch fever (Bartonella henselae) (Rust, 2017), as well as flea allergy dermatitis (FAD) (Farrell et al., 2023). Fleas also 

carry Mycoplasma haemoplasma species causing hemolytic anemia (Bourne et al., 2018) and can transmit Yersinia pestis, 

the plague bacterium (Rust, 2017). Additionally, fleas are intermediate hosts for the tapeworm Dipylidium caninum, 

causing pruritis and digestive issues in pets (Bourne et al., 2018). Ticks are haematophagous invertebrates with  over 900 

species in the families Ixodidae and Argasidae (Boulanger et al., 2019). Species like Rhipicephalus sanguineus, R. 

haemaphysaloides, and Haemaphysalis longicornis affect pets (Nelder et al., 2021), transmitting diseases such as Lyme 

disease, Q fever, spotted fever rickettsioses, and babesiosis, and can cause tick paralysis and allergic reactions (Kopsco 

et al., 2021; Buczek et al., 2020). 

Lice are wingless insects in the orders Mallophaga (chewing lice) and Anoplura (sucking lice) (Shiferaw, 2018). Dogs are 

infested by Trichodectes canis, Linognathus setosus, and Heterodoxus spiniger, while cats are infested by Felicola 

subrostratus (Little, 2021). Infestations cause dermatological lesions, anemia, and alopecia due to scratching and biting 

(Kumsa et al., 2019). Mites belong to orders Astigmata and Prostigmata, with families like Sarcoptidae, Psoroptidae, 

Psorergatidae, Demodicidae, and Cheyletiellidae (Benti et al., 2020). Dogs can be infested with Cheyletiella yasguri, 

Demodex canis, D. injai, Sarcoptes scabiei, and Otodectes cynotis. Cats may host Cheyletiella blakei, Demodex cati, D. gatoi, 

Notoedres cati, and O. cynotis (Little and Cornitas, 2021). Mite infestations can result in dermatitis, pruritis, skin allergies, 

and severe illness by invading internal organs (Olivry and Mueller, 2019). 

 

Current Methods in Ectoparasites Control 

Chemical Methods 

The drugs and chemicals which are used against ectoparasites are known as ectoparasiticides (Sharma et al., 2021).  

Various types of chemicals are used for this purpose including organophosphates, carbamates, pyrethroids, insect 

growth regulators, macrocyclic lactones, phenylpyrazoles, chloronicotinyl nitroguanidines, spinosad and the isoxazolines 

(Staffored and Coles, 2017). They are utilized in a variety of ways, including macrocyclic lactones (Ivermectin, 

Doramectin-subcutaneous injection), organophosphates (Malathion, Dichlorvos as dip, spray, pour on), carbamates 

(Carbaryl, Propoxur as dip, dust, spray), formamidines (Amitraz as dip, spray), and pyrethroids (Cypermethrin, 

Permethrin, Deltamethrin, etc. as dip, spray, spot on, and pour on). Synthetic hormones and arthropod enzymes, such 

methoprene and pyriproxyfen, can slow the development and proliferation of parasites. These are used in oral 

preparations as well as in combination with other drugs (Rust, 2020; Jamil et al., 2022). Isoxazolines, a recently 

developed class of insecticides, have the ability to strongly inhibit GABA-gated channels and have an impact on L-

glutamate-gated chloride channels. In addition to killing adult cat fleas, they can also destroy triatomine bugs, ticks, 

mites, lice, mosquitoes, biting flies, and sea lice (Jamil et al., 2022). Fipronil containing collars are also available for dogs 

and cats which protect them from ticks, mites and lice (Paily et al., 2021). 

 

Environmental Control 

Environmental control includes the strategies like biological control, sanitation, and environmental modifications 

(Rust, 2020). Biological controls are used in the form of essential oils, entomopathogenic fungus, and Spider venom 

peptides. Azadirachtin a naturally occurring compound is used as an insecticide against agricultural pests which is very 

effective in biological controls (Jamil et al., 2022). Sanitation of carpets and surfaces can be done by treating with 0.4% 

dimeticone spray, IGRs and pyrethroids to control immature stages of insects. Vacuuming can also remove eggs and 

larva from the surface and carpets (Elsheikha, 2017; Rust, 2020). Environmental modification involves provision of 

adequate nutrition, removal of manures, hygienic food provision and keeping the animal stress free (Sharma et al., 

2021). 

 

Mechanical Methods 

Many animals use mechanical defenses such as grooming to avoid or to mitigate the occurrences of infection by 

ectoparasites (Horn and Luong, 2019). Various types of grooming practices are done by domestic animals such as 

stimulus–response grooming (immediate immune response) and programmed grooming (response in form of bouts), or 

scratch and scan grooming (Kupfer and Fessler, 2018). Self-grooming may be energetically costly, comprises future 

resistance and other energy costs (Horn and Luong, 2019). Animals self-groom themselves by scratching, picking with their 

digits, or by using the mouth to remove ectoparasites (Kupfer and Fessler, 2018). Another mechanical method is bathing 



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

63 

which can be done with water, shampoo and chemicals (Frontline® Plus, Boehringer Ingelheim). Bathing can be performed 

every seven days and involves wetting the animal and apply the shampoo along the back, neck, belly and limbs (avoiding 

the eyes, nostrils and mouth). After waiting for five minutes clean it with warm water and dry the animal with the help of 

towel (Cruz et al., 2020). 

 

Challenges and Limitations Associated with Existing Methods 

Although there are different ways of fighting against parasitism, but these methods exhibit various limitations as well. 

These imitations include anthelmintic resistance and its prolonged use leads to worm refugia (Maqbool et al., 2017). 

Anthelmintic resistance is emerging as an important issue which develops due to irrational use of anthelmintic drugs, lack 

of knowledge about drug usage and lack of molecular diagnostic tests to detect anthelmintics resistance (Kotze et al., 

2020). Use of biological control method has some limitations as it is not effective enough to remove infection. In addition, 

it is very slow acting, time consuming, gives unpredictable results, effective at one place and not effective at another 

similar place (Maqbool et al., 2017). 

 

Nanoparticles 

The use of technology at the nanoscale for the useful application in everyday life is known as nanotechnology. This 

includes manipulating physical, chemical, or biological systems down to the atom's submicron size and incorporating the 

resulting nanostructures into larger systems (Molento and Arenal, 2020). Nanoparticles (NPs) are particles characterized by 

dimensions typically falling within the range of 1 to 100 nanometers. Their properties vary based on size and surface 

characteristics. Due to their small size and expansive surface area, nanoparticles have wide range of applications in fields 

including cosmetics, electronics, as well as diagnostic and therapeutic medicine (Najahi-Missaoui et al., 2020). The practical 

application of nanotechnology has greatly accelerated the development of several sectors, most notably biomedical 

applications such as tissue engineering, drug transport, bio-imaging, and nano-diagnostics (Hikal et al., 2021).  

There are major two categories of nanomaterials being used against the parasites i.e. Metallic and Polymeric 

Nanoparticles. Metallic NPs include silver, gold and copper nanoparticles. They exhibit antimicrobial and insecticidal 

properties due to their surface chemistry and small size. On the other hand, polymeric NPs include polymeric micelles, 

dendrimers, and nanocapsules. They are biocompatible, biodegradable and act as versatile carriers for controlled release of 

active ingredients (Begines et al., 2020; Hikal et al., 2021). The nanoparticles mainly work by entering the body of parasite 

resulting into cell membrane damage, ribosome disassembly, protein denaturation and oxidative stress. The oxidative 

stress and denaturation of the protein results in mitochondrial and DNA damage. This leads to the death of the parasite 

(AlGabbani, 2023). However, nanoparticles also offer various other ways to eliminate the parasites from the body of the 

host. These particles offers the methods to address the shortcomings of conventional drug delivery systems (Aljabali et al., 

2018). In order to fight ectoparasites, nanoparticles use a variety of strategies, the most common of which are controlled 

release of active chemicals and physical disruption. Sharp-edged or spiked nanoparticles cause structural damage to the 

cellular membranes of ectoparasites when they come into direct contact with them. Moreover, nanoparticles are effective 

dispersants of insecticidal or acaricidal substances, allowing for their slow release over time (Banu et al., 2023).  

 

 

Fig. 1: General Mechanism of 

Nanoparticles against 

ectoparasites 
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Application of Nanoparticles in Ectoparasite Control 

The use of nanoparticles in diverse formulations for direct and environmental treatments is a viable route for 

controlling ectoparasites (Zaheer et al., 2022). 

 

A. Topical Formulations 

i) Nanoparticles in Spot-on Treatments: Spot-on treatments represent a common method for administering 

ectoparasiticides directly onto the skin of companion animals (Ferrer, 2021). Nanoparticles integrated into spot-on 

formulations enhance efficacy through several mechanisms. Firstly, nanoparticles can serve as carriers for active 

ingredients, protecting them from degradation and facilitating their controlled release over time. This sustained release 

ensures prolonged exposure of ectoparasites to the insecticidal or acaricidal compounds, thereby enhancing efficacy while 

reducing the frequency of application. Additionally, nanoparticles with specific surface modifications can improve adhesion 

to the skin, prolonging the duration of action and minimizing product runoff (Pavoni et al., 2019; Prasad et al., 2021). 

ii) Nanoparticles in Shampoos and Sprays: Shampoos and sprays are alternative topical formulations commonly used for 

ectoparasite control in companion animals (Gorman, 2016). Integration of nanoparticles into these formulations offers 

several advantages (Pereira-Silva et al., 2022). Nanoparticles can enhance the penetration of active ingredients through the 

ectoparasite's cuticle, increasing their bioavailability and efficacy. Moreover, nanoparticles can confer stability to 

formulations, preventing degradation of active compounds and ensuring consistent performance over time (Molento and 

Arenal, 2020). 

 

B. Environmental Applications 

Nanoparticles are embedded in fabrics, beddings and household sprays. Ectoparasites often reside in the environment 

surrounding companion animals, including their bedding and living areas (Kocoń and Nowak-Chmura, 2017). 

Nanoparticles can be incorporated into fabrics, household sprays and bedding materials to create a hostile environment 

for ectoparasites (Chatha et al., 2019). Metallic nanoparticles, such as silver nanoparticles, exhibit potent antimicrobial 

properties and can be impregnated into textiles to inhibit the growth of ectoparasites and prevent transmission between 

animals (Qu et al., 2023). Additionally, sprays can be applied to surfaces frequented by companion animals, such as floors, 

carpets, and furniture, to eliminate ectoparasites and their eggs (Elsheikha et al., 2018).  

 

C. Controlled-Release Formulations 

Nanoparticles offer the protection by controlled release formulations. These products maintain therapeutic 

concentrations for an extended duration by encapsulating insecticidal or acaricidal chemicals within nanoparticles, 

therefore ensuring a continuous supply of the active ingredient. This long-lasting impact lessens the need for frequent 

treatment, improving animal owners' convenience and guaranteeing efficient ectoparasite management (Danyaro et al., 

2023; Najitha Banu et al., 2023). 

 

Efficacy and Safety of Nanoparticle based Ectoparasite Control 

Nano-particles are very efficient in the control of ectoparasites as repeated use of acaricides has led to environmental 

pollution, resistance development and increase in the treatment cost (Abdel-Ghany et al., 2022). Different types of nano-

particles have developed for this purpose such as silver NPs, titanium dioxide NPs, zinc oxide NPs, nickel NPs, copper NPs 

and magnesium NPs (Benelli et al., 2017). Zinc Oxide nanoparticles and cypermethrin-coated nanoparticles of ZnO (C-ZnO 

NPs) and ZnS (C-ZnS NPs) are very effective against many Rhipicephalus ticks as well as Hyalommma ticks (Zaheer et al., 

2023). Zein nano-particles associated with cypermethrin (CYPE) + chlorpyrifos (CHLO) + a plant compound (citral, menthol 

or limonene) have high efficacy against Rhipicephalus microplus ticks as compared to other acaricides. This formulation 

lowers the nematodes toxicity and has long period of residual activity (Figueiredo et al.,2023). Similarly, iron oxide and iron 

sulphides NPs coated on pyrethroids (cypermethrin and deltamethrin) can control the major life stages of Hyalomma ticks 

(Zaheer et al., 2024). Hence, nano-particles have low efficacy and short shelf-life but nanopaticles-based drug delivery 

system effectively targets the acaricidal drugs into the sites of infection as well as enhances the efficacy of the acaricides 

(Najitha Banu et al., 2023). 

The nanoparticles have no safety concerns (safe in use) and also reduce the adverse effects of various drug but some 

nanoparticles have toxic profile (Bajwa et al., 2022). Treatment with silver nanoparticles has caused DNA damage and 

morphological abnormalities in a variety of vertebrate and invertebrate creatures. It has also negatively impacted the 

enzymatic activities of a number of non-target species (Benelli, 2018). The toxicological evaluation of these nanoparticles is 

an important factor to reduce its negative effect on non-target species (Figueiredo et al., 2023). However, these NPs should 

have excellent chemical and physical structures, should be non-toxic and should be evaluated at every cellular level during 

their preparation. This evaluation will help to reduce their toxic effects (Bajwa et al., 2022). 

Compared with traditional method (use of chemical, environmental managements, biological and mechanical means), 

nano-particles have more environmental safety and low pesticide resistance (Nie et al., 2023). Nano-particles coated on 

acaricides have led to development of drug delivery system which could increase the efficacy and performance of previous 

acaricidal drugs by targeting the site of infections. These NPs are also water soluble and have no effect on the environment 

as compared to various chemicals used in traditional methods (Athanassiou et al., 2018). NPs based acaricidal formulations 
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will enhance stability, action and duration of insecticidal activity. It will also remove harmful organic solvents which are not 

removed in commonly used acaricides (Zaheer et al., 2022). 

 

Conclusion 

In conclusion, the field of nanotechnology presents a promising avenue for revolutionizing the control of 

ectoparasites in companion animals. Ectoparasites pose significant health risks to both animals and humans, and current 

control methods are often limited by variable efficacy, toxicity concerns, and the development of resistance. The 

application of nanoparticles in various formulations, including topical treatments, environmental applications, and 

controlled-release formulations, offers diverse and effective strategies for combating ectoparasites. Nanoparticles 

integrated into spot-on treatments, shampoos, and sprays enhance efficacy by improving adhesion to the skin and 

penetration through the ectoparasite's cuticle. Furthermore, nanoparticles embedded in fabrics and household sprays 

create a hostile environment for ectoparasites in the animal's surroundings. Despite the numerous advantages of 

nanoparticle-based ectoparasite control, it is essential to consider safety concerns and environmental implications. Overall, 

nanoparticle-based ectoparasite control offers a promising solution to the ongoing challenges faced in companion animal 

healthcare. By leveraging the innovative potential of nanotechnology, we can develop safer, more effective, and 

sustainable strategies for managing ectoparasitic infestations, ultimately enhancing the health and well-being of 

companion animals worldwide. 

 

REFERENCES 
 

Abdel-Ghany, H. S., Abdel-Shafy, S., Abuowarda, M. M., El-Khateeb, R. M., Hoballah, E. M., and Fahmy, M. M. (2022). 

Acaricidal efficacy of biosynthesized zinc oxide nanoparticles against Hyalomma dromedarii (Acari: Ixodidae) and their 

toxic effects on Swiss albino mice. Acta Parasitologica, 67(2), 878-891. 

AlGabbani, Q. (2023). Nanotechnology: A promising strategy for the control of parasitic infections. Experimental 

Parasitology, 108548. 

Aljabali, A. A., Akkam, Y., Al Zoubi, M. S., Al-Batayneh, K. M., Al-Trad, B., Abo Alrob, O., and Evans, D. J. (2018). Synthesis of 

gold nanoparticles using leaf extract of Ziziphus zizyphus and their antimicrobial activity. Nanomaterials, 8(3), 174. 

Athanassiou, C. G., Kavallieratos, N. G., Benelli, G., Losic, D., Usha Rani, P., and Desneux, N. (2018). Nanoparticles for pest 

control: current status and future perspectives. Journal of Pest Science, 91, 1-15. 

Bajwa, H. U. R., Khan, M. K., Abbas, Z., Riaz, R., Rehman, T. U., Abbas, R. Z., and Alouffi, A. (2022). Nanoparticles: Synthesis 

and their role as potential drug candidates for the treatment of parasitic diseases. Life, 12(5), 750. 

Begines, B., Ortiz, T., Pérez-Aranda, M., Martínez, G., Merinero, M., Argüelles-Arias, F., and Alcudia, A. (2020). Polymeric 

nanoparticles for drug delivery: Recent developments and future prospects. Nanomaterials, 10(7), 1403. 

Benelli, G. (2018). Mode of action of nanoparticles against insects. Environmental Science and Pollution Research, 25(13), 

12329-12341. 

Benelli, G., Maggi, F., Romano, D., Stefanini, C., Vaseeharan, B., Kumar, S., and Canale, A. (2017). Nanoparticles as effective 

acaricides against ticks—a review. Ticks and Tick-borne Diseases, 8(6), 821-826. 

Benti, E., Sori, T., Degu, T., and Fesseha, H. (2020). Mange mites infestation in small ruminants in Ethiopia-review. World 

Applied Science Journal, 38, 395-403. 

Boulanger, N., Boyer, P., Talagrand-Reboul, E., and Hansmann, Y. (2019). Ticks and tick-borne diseases. Medecine et 

Maladies Infectieuses, 49(2), 87-97. 

Bourne, D., Craig, M., Crittall, J., Elsheikha, H., Griffiths, K., Keyte, S., and Wilson, A. (2018). Fleas and flea-borne diseases: 

biology, control and compliance. Companion Animal, 23(4), 204-211. 

Buczek, A., and Buczek, W. (2020). Importation of ticks on companion animals and the risk of spread of tick-borne diseases 

to non-endemic regions in Europe. Animals, 11(1), 6. 

Chatha, S. A. S., Asgher, M., Asgher, R., Hussain, A. I., Iqbal, Y., Hussain, S. M., and Iqbal, H. M. (2019). Environmentally 

responsive and anti-bugs textile finishes–Recent trends, challenges, and future perspectives. Science of the Total 

Environment, 690, 667-682. 

Cruz, B. C., Teixeira, W. F. P., Gomes, L. V. C., Maciel, W. G., Felippelli, G., Buzzulini, C., and da Costa, A. J. (2020). Does 

bathing affect tick and flea burdens and ectoparasiticide effectiveness of a spot-on formulation (fipronil+(S)-

methoprene) for dogs?. Veterinary Parasitology, 283, 109192. 

Danyaro, A. M., Tijjani, H., Kalra, S. J. S., and Olatunde, A. (2023). Nanoparticles for Antiparasitic Drug Delivery. Parasitic 

Infections: Immune Responses and Therapeutics, 303-327. 

Durden, L. A., and Hinkle, N. C. (2019). Fleas (siphonaptera). In Medical and Veterinary Entomology (pp. 145-169). Academic 

Press. 

Elsheikha, H. (2017). Ectoparasites: Preventive plans and innovations in treatment. Veterinary Times, 47(14), 6-12. 

Elsheikha, H., Wright, I., and McGarry, J. (2018). Parasites and pets: A Veterinary Nursing Guide. CABI. 

Farrell, S., McGarry, J., Noble, P. J. M., Pinchbeck, G. J., Cantwell, S., Radford, A. D., and Singleton, D. A. (2023). Seasonality 

and other risk factors for fleas infestations in domestic dogs and cats. Medical and Veterinary Entomology, 37(2), 359-

370.  



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

66 

Ferrer, L. (2021). Ectoparasite infestation–treatment and prophylaxis. In BSAVA Manual of Canine and Feline 

Dermatology (pp. 70-75). BSAVA Library. 

Figueiredo, A., Anholeto, L. A., Cola, D. F., Fantatto, R. R., Gainza, Y. A., Dos Santos, I. B., and de Souza Chagas, A. C. (2023). 

Acaricides containing zein nanoparticles: A tool for a lower impact control of the cattle tick Rhipicephalus 

microplus. Veterinary Parasitology, 318, 109918. 

Gorman, C. (2016). Evolution of ectoparasiticide formulations and strategies. Companion Animal, 21(2), 79-88. 

Hikal, W. M., Bratovcic, A., Baeshen, R. S., Tkachenko, K. G., and Said-Al Ahl, H. A. (2021). Nanobiotechnology for the 

detection and control of waterborne parasites. Open Journal of Ecology, 11(3), 203-223. 

Horn, C. J., and Luong, L. T. (2019). Current parasite resistance trades off with future defenses and flight 

performance. Behavioral Ecology and Sociobiology, 73, 1-10. 

Jamil, M, Idrees, A., Qadir, Z. A., Elahi, M. E., Imran, F., Qasim, M. and Sadia, B. I. (2022). Medical and Veterinary 

Ectoparasites' Importance: An Insight on Alternative Control. Pakistan Journal of Medical and Health Sciences, 16(01), 

667. 

Kocoń, A., and Nowak-Chmura, M. (2017). Skin ectoparasites of domestic animals. Annales Universitatis Paedagogicae 

Cracoviensis Studia Naturae, (2), 137-158. 

Kopsco, H. L., Duhaime, R. J., and Mather, T. N. (2021). An analysis of companion animal tick encounters as revealed by 

photograph‐based crowdsourced data. Veterinary Medicine and Science, 7(6), 2198-2208. 

Kotze, A. C., Gilleard, J. S., Doyle, S. R., and Prichard, R. K. (2020). Challenges and opportunities for the adoption of 

molecular diagnostics for anthelmintic resistance. International Journal for Parasitology: Drugs and Drug Resistance, 14, 

264-273. 

Kumsa, B., Abiy, Y., and Abunna, F. (2019). "Ectoparasites infesting dogs and cats in Bishoftu, central Oromia, 

Ethiopia." Veterinary Parasitology: Regional Studies and Reports 15 (2019): 100263. 

Kupfer, T. R., and Fessler, D. M. (2018). Ectoparasite defence in humans: relationships to pathogen avoidance and clinical 

implications. Philosophical Transactions of the Royal Society B: Biological Sciences, 373(1751), 20170207. 

Leone, F., and Han, H. S. (2020). Ectoparasitic diseases. Feline Dermatology, 405-436. 

Little, S. E. (2021). Fleas and lice. In Greene's Infectious Diseases of the Dog and Cat (pp. 1324-1337). WB Saunders. 

Little, S. E., and Cortinas, R. (2021). Mites. In Greene's Infectious Diseases of the Dog and Cat (pp. 1378-1398). WB Saunders. 

Maqbool, I., Wani, Z. A., Shahardar, R. A., Allaie, I. M., and Shah, M. M. (2017). Integrated parasite management with special 

reference to gastro-intestinal nematodes. Journal of Parasitic Diseases, 41(1), 1-8. 

Molento, M. B., and Arenal, A. (2020). The breakthrough of nanotechnology to veterinary parasitology research. LALIOTIS, 

GP Current research in agriculture and veterinary science. London: Publisher International, 71-77. 

Najahi-Missaoui, W., Arnold, R. D., and Cummings, B. S. (2020). Safe nanoparticles: are we there yet?. International Journal 

of Molecular Sciences, 22(1), 385. 

Najitha Banu, A., Kudesia, N., Rana, N., Sadaf, D., and Raut, A. M. (2023). Antiparasitic Activity of Nanomaterials. 

In Nanomaterials for Sustainable Development: Opportunities and Future Perspectives (pp. 173-205). Singapore: 

Springer Nature Singapore. 

Najitha Banu, A., Kudesia, N., Rana, N., Sadaf, D., and Raut, A. M. (2023). Antiparasitic Activity of Nanomaterials. In 

Nanomaterials for Sustainable Development: Opportunities and Future Perspectives (pp. 173-205). Singapore: 

Springer Nature Singapore. 

Nelder, M. P., Russell, C. B., Dibernardo, A., Clow, K. M., Johnson, S., Cronin, K., and Lindsay, L. R. (2021). Monitoring the 

patterns of submission and presence of tick-borne pathogens in Ixodes scapularis collected from humans and 

companion animals in Ontario, Canada (2011–2017). Parasites and Vectors, 14(1), 260. 

Nie, D., Li, J., Xie, Q., Ai, L., Zhu, C., Wu, Y., and Tan, W. (2023). Nanoparticles: a potential and effective method to control 

insect-borne diseases. Bioinorganic Chemistry and Applications, 2023. 

Olivry, T., and Mueller, R. S. (2019). Critically appraised topic on adverse food reactions of companion animals (8): storage 

mites in commercial pet foods. BMC Veterinary Research, 15, 1-5. 

Overgaauw, P. A., Vinke, C. M., van Hagen, M. A., and Lipman, L. J. (2020). A one health perspective on the human–

companion animal relationship with emphasis on zoonotic aspects. International Journal of Environmental Research 

and Public Health, 17(11), 3789. 

Pavoni, L., Pavela, R., Cespi, M., Bonacucina, G., Maggi, F., Zeni, V., and Benelli, G. (2019). Green micro-and nanoemulsions 

for managing parasites, vectors and pests. Nanomaterials, 9(9), 1285. 

Pereira-Silva, M., Martins, A. M., Sousa-Oliveira, I., Ribeiro, H. M., Veiga, F., Marto, J., and Paiva-Santos, A. C. (2022). 

Nanomaterials in hair care and treatment. Acta Biomaterialia, 142, 14-35. 

Prasad, R. D., Charmode, N., Shrivastav, O. P., Prasad, S. R., Moghe, A., Sarvalkar, P. D., and Prasad, N. R. (2021). A review on 

concept of nanotechnology in veterinary medicine. ES Food and Agroforestry, 4, 28-60. 

Qu, L. Y., Liu, J. L., Liu, Y. Y., Zhang, G. Q., Xu, Y. J., Zhu, P., and Wang, Y. Z. (2023). Anchoring silver nanoparticles using 

catechol-derived resins: an efficient and versatile approach for producing durable antimicrobial fabrics. Progress in 

Organic Coatings, 176, 107397. 

Rafiqi, S. I., Kumar, S., Chaudhary, R., Farooq, U., and Kirthika, P. (2016). Ectoparasites of companion animals and their 

control. International Journal Animal Veterinary Science, 3, 15-18. 



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

67 

Rust, M. K. (2017). The biology and ecology of cat fleas and advancements in their pest management: a review. Insects, 8(4), 

118. 

Rust, M. K. (2020). Recent advancements in the control of cat fleas. Insects, 11(10), 668. 

Saleh, M. N., Allen, K. E., Lineberry, M. W., Little, S. E., and Reichard, M. V. (2021). Ticks infesting dogs and cats in North 

America: biology, geographic distribution, and pathogen transmission. Veterinary Parasitology, 294, 109392. 

Sharma, S., Sharma, D., Pathak, V., and Singh, E. (2021). Ectoparasites of cattle and their control strategies. Indian Farmer, 8, 

242-246. 

Shiferaw, S. (2018). An overview of ectoparasites on domestic animals in Ethiopia. Journal Veterinary Science Medicine, 6(1), 

1-5. 

Stafford, K. A., and Coles, G. C. C. (2017). Drug resistance in ectoparasites of medical and veterinary 

importance. Antimicrobial Drug Resistance: Mechanisms of Drug Resistance, Volume 1, 735-744. 

Zaheer, T., Abbas, R. Z., Perveen, N., Sparagano, O. A., Khan, S. R., Rehman, T. U., and Arshad, M. I. (2023). Application of 

cypermethrin-coated ZnS and ZnO nanoparticles against rhipicephalus ticks. Pathogens, 12(6), 807. 

 Zaheer, T., Abbas, R. Z., Rehman, T. U., Khan, M. K., and Arshad, M. I. (2024). Novel insights regarding the safety and 

efficacy of pyrethroid-coated nanoparticles against Hyalomma ticks. Toxicology Mechanisms and Methods, 34(2), 148-

163. 

Zaheer, T., Ali, M. M., Abbas, R. Z., Atta, K., Amjad, I., Suleman, A., and Aqib, A. I. (2022). Insights into nanopesticides for 

ticks: the superbugs of livestock. Oxidative Medicine and Cellular Longevity, 2022 


