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Abstract- Parasitic infections, including malaria, hydatid cysts, leishmaniasis, and schistosomiasis, remain a significant cause
of mortality and morbidity worldwide. In addition to their severe public health impacts, parasitic diseases impose a heavy
economic burden on health systems. Control and treatment of zoonotic parasitic infections depend mainly on early and
accurate diagnosis. Traditional diagnostic techniques, such as microscopic examinations, immunological methods, such as
enzyme-linked immunosorbent assay (ELISA), and molecular tests, such as polymerase chain reaction (PCR), are standard
tools for parasite identification. However, these methods are time-consuming and expensive and rely on sophisticated
equipment; however, their application has many challenges. Nanobiosensors are novel devices that use nanotechnology and
biology to provide new approaches for rapid and accurate diagnosing techniques, and they can detect many biomarkers.
Hence, the current review aims to introduce nanobiosensors and their types and review their specific applications in
diagnosing parasitic diseases. These sensors use the unique properties of nanomaterials to detect parasite biomarkers with
high sensitivity and accuracy. Nanobiosensors can directly detect parasites or their metabolic products, enabling early disease
detection. In conclusion, nanobiosensors could be essential in controlling and eradicating parasitic diseases.
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Nanobiosensors are novel devices that

INTRODUCTION combine nanotechnology and biology to provide
o ) _ new approaches for rapid and accurate disease
Parasitic diseases, such as malaria, cystic diagnosis. They use the unique properties of
echinococcosis ~ (CE),  leishmaniasis, and nanomaterials to detect parasite biomarkers with
schistosomiasis, remain a significant cause of high diagnostic and analytical performances,
mortality and morbidity worldwide. In addition such as sensitivity, specificity, and accuracy [3].
to their severe public health impacts, parasitic Nanobiosensors can also be used to detect
diseases impose a heavy economic burden on parasites or their metabolic products directly.
health systems. Control and treatment of Hence, the current review aims to introduce
parasitic diseases depend mainly on early and nanobiosensors and their tools and review their
accurate diagnosis [1]. specific applications in diagnosing parasitic
Traditional diagnostic techniques, such as diseases [4].
microscopic  examinations,  immunological
methods, such as enzyme-linked immunosorbent NANOBIOSENSORS

assay (ELISA), and molecular tests, such as
polymerase chain reaction (PCR), are standard
diagnostic tools for parasite identification.
However, these methods are time-consuming,
expensive, and require sophisticated equipment.
Furthermore, in many resource-limited settings,
such tools are difficult to access [2].

Nanobiosensors are advanced devices that
combine nanomaterials and biological elements
such as antibodies, DNA, and enzymes to detect
specific molecules such as proteins, parasite
DNA, and other biomarkers [5]. Nanobiosensors
operate in three main steps: first, the target
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molecule is recognized by the biological
element, then the signal produced is amplified
using nanomaterials, and finally, the signal is
converted into a measurable output.

The most important types of nanobiosensors
include electrochemical, optical, and magnetic
sensors [6]. Electrochemical nanobiosensors
measure electrical changes resulting from the
interaction of the target molecule with the
biological element and use gold nanoparticles
and carbon nanotubes to increase sensitivity [7].
In contrast, optical nanobiosensors take
advantage of changes in optical properties such
as absorption and fluorescence, and quantum
dots and metal nanoparticles play a crucial role
in this technology [8]. Magnetic nanobiosensors
are also designed based on the magnetic
properties of nanomaterials and are used to
detect molecules at very low concentrations.

APPLICATION

Nanobiosensors  have  provided  new
opportunities for the early detection of parasitic
diseases. Nanobiosensors have numerous
applications in diagnosing parasitic diseases and
can provide a novel and accurate solution for
rapidly identifying parasites. For example, in
malaria, researchers developed gold
nanobiosensors and specific antibodies to detect
surface proteins of Plasmodium falciparum
accurately [9]. Regarding CE, electrochemical
nanobiosensors sensitive to the parasite's DNA
have detected the genetic material of
Echinococcus granulosus in body fluids [10].
Moreover, optical nanobiosensors  using
quantum dots detect Leishmania-specific
antigens with high sensitivity in leishmaniasis
[11]. In schistosomiasis, magnetic
nanobiosensors have also been successfully used
to detect Schistosoma antigens in blood and
urine samples, improving the accuracy and
speed of diagnosis [12].

CONCLUSION

Nanobiosensors are revolutionary tools for
rapid and accurate detection of parasitic
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diseases. Nanobiosensors, using advanced
nanomaterials and biological elements, have
increased the sensitivity and accuracy of
diagnostic methods. Although nanobiosensors
are promising, further research on cost, safety,
and feasibility for widespread use in global
health systems is needed. In the future,
nanobiosensors could be an essential support in
controlling and eradicating parasitic diseases.

ACKNOWLEDGMENT

Conceptualization: Abbas Rahdar, Sadanand
Pandey, Hassan Borji; Methodology: All
Authors; Writing - original draft preparation: All
Authors; Writing - review and editing: Soheil
Sadr, Alireza Sazmand, Cinzia Santucciu;
Supervision: Hassan Borji. We thank the
Ferdowsi University of Mashhad Research
Deputy for their support.

REFERENCES

Dhahi TS, Dafhalla AKY, Saad SA, Zayan DMI,
Ahmed AET, Elobaid ME, et al. The
importance, benefits, and future of
nanobiosensors for infectious diseases.
Biotechnology and Applied
Biochemistry. 2024;71(2):429-45.

El-Abeid SE, Mosa MA, Boudaden J, Ibrahim
DS, Attia EM, Shaban WM, et al.
Nanobiosensors: A powerful Technology
for Early Detection of Plant Parasitic
Nematodes. Sensing and Imaging.
2024;25(1):23.

Sadr S, Lotfalizadeh N, Abbasi AM, Soleymani
N, Hajjafari A, Roohbaksh Amooli
Moghadam E, et al. Challenges and
prospective of enhancing hydatid cyst
chemotherapy by nanotechnology and the
future of nanobiosensors for diagnosis.
Tropical medicine and infectious disease.
2023;8(11):494.

Anand A, Sharma A. Potential applications of
nanotechnology in management of
parasitic diseases. Nanosensors in
Healthcare Diagnostics: Elsevier; 2025.
p. 321-54.



Kerry RG, Ukhurebor KE, Kumari S, Maurya
GK, Patra S, Panigrahi B, et al. A
comprehensive review on the applications
of nano-biosensor-based approaches for
non-communicable and communicable
disease detection. Biomaterials Science.
2021;9(10):3576-602.

Noah NM, Ndangili PM. Current trends of
nanobiosensors  for  point - of - care
diagnostics.  Journal of  Analytical
Methods in Chemistry.
2019;2019(1):2179718.

Huang X, Zhu Y, Kianfar E. Nano biosensors:
properties, applications and
electrochemical techniques. Journal of
Materials Research and Technology.
2021;12:1649-72.

Rather SA, Mustafa RA, Ashraf MV, Hannan
Khan M, Ahmad S, Wani ZA.
Implications of Nano-Biosensors in the
Early Detection of Neuroparasitic
Diseases. Theranostic Applications of
Nanotechnology in Neurological
Disorders: Springer; 2024. p. 43-83.

Krampa FD, Aniweh Y, Kanyong P, Awandare
GA. Recent advances in the development
of biosensors for malaria diagnosis.
Sensors. 2020;20(3):799.

Hajjafari A, Sadr S, Santucciu C, Masala G,
Bayat M, Lotfalizadeh N, et al. Advances
in Detecting Cystic Echinococcosis in
Intermediate Hosts and New Diagnostic
Tools: A Literature Review. Veterinary
Sciences. 2024;11(6):227.

Jain S, Santana W, Dolabella SS, Santos AL,
Souto EB, Severino P. Are
Nanobiosensors an improved solution for
diagnosis of leishmania? Pharmaceutics.
2021;13(4):491.

Qadeer A, Ullah H, Sohail M, Safi SZ, Rahim A,
Saleh TA, et al. Potential application of
nanotechnology in the treatment,
diagnosis, and prevention of
schistosomiasis. Frontiers in
Bioengineering and  Biotechnology.
2022;10:1013354.

111



