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Infectious diseases remain a major global health challenge, necessitating rapid,
accurate, and accessible diagnostic tools. Traditional methods often suffer from
limitations such as long turnaround times and complex laboratory requirements.
Microfluidic devices integrated with nano-sensors offer a promising solution by
enabling rapid and sensitive detection of pathogens at the point-of-care. These
devices can be miniaturized, portable, and capable of performing multiple tests
simultaneously. Nano-sensors, including optical, electrochemical, and magnetic
sensors, enhance detection sensitivity and specificity. By leveraging these
technologies, researchers aim to develop innovative diagnostic tools for various
infectious diseases, such as COVID-19, HIV, malaria, and influenza. The potential
clinical impact of these devices includes improved patient outcomes, reduced
healthcare costs, and enhanced public health surveillance. As the field continues to
advance, future research efforts will focus on developing more sophisticated
devices, integrating artificial intelligence for data analysis, and exploring their role
in personalized medicine.

Keywords: Microfluidic devices, Nano-sensors, Infectious disease detection, Point-
of-care diagnostics

Introduction:
Contagious diseases continue to be a major global health challenge, particularly in
developing regions. While traditional diagnostic methods are reliable, they are often time-
consuming, expensive, and require specialized equipment and personnel. This has driven the
development of point-of-care (POC) diagnostic tools, which aim to deliver fast, accurate, and
actionable results at the point of care. Microfluidic devices integrated with nano-sensors
represent a promising platform for the next generation of POC diagnostics for infectious
diseases.
Microfluidic devices, or lab-on-a-chip systems, enable the manipulation and control of small
volumes of fluids in a miniaturized format. This allows for rapid, efficient, and cost-effective
biochemical reactions, making them ideal for POC diagnostics. Nano-sensors, on the other
hand, detect physical, chemical, or biological changes at the nanoscale, offering high
sensitivity and specificity for detecting pathogens or biomarkers. The integration of nano-
sensors into microfluidic devices offers several advantages. These devices can be highly
portable and easy to use, making them suitable for field settings and resource-limited areas.
They can also provide rapid results, often within minutes, which is crucial for timely
diagnosis and treatment of infectious diseases. Additionally, these devices can perform
multiple tests simultaneously on a single sample, increasing efficiency and reducing costs.
Despite their potential, several challenges remain to be addressed before microfluidic
devices with nano-sensors can be fully realized as POC diagnostic tools. These include the
scalability of device fabrication, ensuring robustness and reliability in real-world conditions,
and addressing the power requirements for certain detection systems. Overcoming these

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377


mailto:drsanyogitashahi@gmail.com

Microfluidic Devices with Nano Sanyogita Shahi 3370

challenges will be essential for the widespread adoption of these technologies and their
impact on global health.

Literature Review:

Microfluidic Devices for Diagnostics

Microfluidic technology has revolutionized the field of diagnostics, offering significant
advantages in terms of efficiency, cost-effectiveness, and portability. Lab-on-a-chip (LOC)
devices, which integrate multiple laboratory functions onto a single chip, have enabled the
development of rapid and accurate diagnostic tools. One of the key benefits of microfluidic
devices is their ability to handle small sample volumes, making them suitable for non-
invasive testing methods like saliva-based diagnostics. This not only reduces patient
discomfort but also lowers the cost of testing. Moreover, microfluidic platforms are well-
suited for point-of-care (POC) applications, as they can be easily integrated into portable
devices for use in remote and resource-limited settings. In the context of infectious disease
diagnostics, microfluidic devices have been applied to detect a wide range of pathogens,
including those responsible for HIV, malaria, sepsis, UTIs, STIs, and respiratory infections.
These devices often incorporate advanced detection technologies, such as fluorescence-based
detection, electrochemical sensing, and nano-sensors, to achieve high sensitivity and
specificity. By leveraging the power of miniaturization and advanced detection techniques,
microfluidic devices are poised to transform the landscape of infectious disease diagnostics,
making it more accessible, affordable, and rapid.

Nano-sensors: Principles and Applications in Disease Detection

Nano-sensors, operating at the nanoscale, offer significant advantages in disease detection
due to their high sensitivity, rapid response times, and ability to detect minute concentrations
of analytes. These sensors leverage the unique properties of nanomaterials, such as
nanoparticles, nanowires, and nanotubes, to interact with target molecules like pathogens,
nucleic acids, and antigens. The primary types of nano-sensors used in infectious disease
diagnostics include optical nano-sensors, electrochemical nano-sensors, and magnetic nano-
Sensors.

1. Optical Nano-sensors

Optical nano-sensors detect pathogens by monitoring changes in light properties like
fluorescence, absorbance, or surface plasmon resonance (SPR). This technology offers high
sensitivity, capable of detecting pathogens at extremely low concentrations. One common
technique is fluorescence-based detection, where the binding of a target molecule to a sensor
triggers a change in fluorescence intensity. Quantum dots, with their tuneable fluorescence
properties and high brightness, are often used in these sensors to detect pathogens like
influenza and HIV. Another method, surface plasmon resonance (SPR), measures changes in
refractive index near the sensor surface upon target molecule binding. SPR-based nano-
sensors have been successfully employed to detect viruses such as hepatitis B and Zika.
Surface-enhanced Raman scattering (SERS) is another optical detection technique that
utilizes nanomaterials to amplify the Raman scattering signal of target molecules. This allows
for the detection of various pathogens, including respiratory viruses and bacteria, at very low
concentrations.

2. Electrochemical Nano-sensors
Electrochemical nano-sensors detect pathogens by measuring changes in electrical properties,
such as current or voltage, resulting from interactions between the sensor and target
molecules. These sensors are highly compatible with microfluidic platforms, enabling real-
time monitoring of pathogen concentrations in biological samples. Nanowires and carbon

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377



3371 Sanyogita Shahi Microfluidic Devices with Nano

nanotubes, due to their excellent electrical conductivity and high surface area, are commonly
used in electrochemical nano-sensors. When functionalized with specific biomolecules, these
nanomaterials can selectively bind to pathogens, leading to measurable changes in electrical
signals. For example, CNT-based nano-sensors have been used to detect bacteria like
Escherichia coli and viruses like HIV. A key advantage of electrochemical nano-sensors is
their ability to provide real-time monitoring, which is crucial for early detection and
improved patient outcomes in infectious disease diagnosis. Additionally, their portability and
integration into handheld devices make them suitable for point-of-care applications in
resource-limited settings.

3. Magnetic Nano-sensors

Magnetic nano-sensors employ magnetic nanoparticles (MNPSs) to detect pathogens based on
changes in magnetic properties. These sensors are particularly useful in complex biological
samples like blood or saliva, where non-magnetic contaminants can interfere with other
detection methods. MNPs can be functionalized with specific antibodies or nucleic acids to
capture target pathogens. Once bound, the MNPs can be separated from the sample using a
magnetic field, enriching the target and reducing background noise. This enhances the
sensitivity and specificity of the detection system. Magnetic nano-sensors have been applied
to various infectious disease diagnostics, including the detection of influenza, tuberculosis,
and malaria. These sensors offer a promising approach for accurate and sensitive pathogen
detection, especially in complex biological samples.

Recent Advancements in Nano-sensors for Infectious Disease Diagnostics

Recent advancements in nanotechnology have significantly improved the performance of
nano-sensors, making them more viable for real-world applications in infectious disease
diagnostics. Multifunctional nano-sensors can now detect multiple pathogens or biomarkers
simultaneously, which is crucial during outbreaks of diseases with similar symptoms. The
integration of nano-sensors into microfluidic devices has further enhanced their capabilities.
These lab-on-a-chip systems offer portability and the ability to perform complex diagnostic
tests in a single device.

Nano-sensors have been successfully applied to detect a wide range of pathogens, including
viruses like Zika, dengue, Ebola, and SARS-CoV-2, as well as bacteria and parasites.
Additionally, they are being explored for theragnostic applications, where the same device
can be used for both diagnosis and therapy. This combined approach holds the potential to
revolutionize the management of infectious diseases by enabling real-time, personalized
treatment at the point of care.

Methodology

Design of Microfluidic Devices with Nano-sensors

The development of microfluidic devices integrated with nano-sensors for infectious disease
detection encompasses several systematic steps, ensuring that the final product is efficient,
sensitive, and suitable for point-of-care diagnostics. The following sections outline the
primary stages of the design process, from fabrication to testing and validation.

1. Microfluidic Chip Fabrication: Material Selection and Preparation:

The choice of material for microfluidic chip fabrication is crucial. PDMS is a popular choice
due to its flexibility, optical transparency, and ease of fabrication, while glass offers excellent
chemical resistance and durability. The fabrication process typically involves designing the
microfluidic layout using CAD software, creating a photolithographic mask, casting and
curing PDMS, and bonding it to a substrate. The microchannels within the device are
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designed to facilitate laminar flow and precise sample manipulation. Key design
considerations include channel dimensions, flow rate control, and the placement of detection
zones for optimal interaction between the sample and nano-sensors.

2. Nano-sensor Integration

The integration of nano-sensors into microfluidic devices is a crucial step in developing
advanced diagnostic systems. The choice of nano-sensor type, whether optical,
electrochemical, or magnetic, depends on the detection mechanism and target pathogen.
These nano-sensors are functionalized with specific biorecognition elements to ensure
selective binding to the target.

Once functionalized, the nano-sensors are integrated into the microfluidic chip at designated
detection zones. This can be achieved through physical embedding or surface modification
techniques. By optimizing the integration process, the overall performance of the diagnostic
system can be significantly improved, leading to more accurate and sensitive detection of
infectious diseases.

3. Sample Preparation

Proper sample preparation is essential for accurate detection using nano-sensors. Microfluidic
systems often include modules for filtration, dilution, concentration, and buffer exchange.
Filtration removes unwanted particles, dilution adjusts sample concentration, concentration
enriches target pathogens, and buffer exchange ensures compatibility with the detection
mechanism. These steps optimize the sample for interaction with nano-sensors, improving the
accuracy and sensitivity of the diagnostic system.

4. Detection Process

The detection process involves introducing the prepared sample into the microfluidic device,
where it flows through channels containing integrated nano-sensors. The sample interacts
with the functionalized nano-sensors, leading to a detectable signal based on the type of
nano-sensor used. This signal, whether optical, electrical, or magnetic, is generated and may
require amplification to enhance sensitivity. The specific detection method depends on the
nano-sensor technology employed and the target pathogen being detected.

5. Testing and Validation

To evaluate the performance of the microfluidic-nano-sensor system, clinical samples are
tested and compared with traditional diagnostic methods. Key parameters like sensitivity,
specificity, and time to result are assessed. Statistical analysis, including ROC curve analysis,
is used to evaluate the overall performance of the system. By rigorously testing and
validating these systems, researchers can ensure their accuracy, reliability, and suitability for
practical applications in infectious disease diagnosis.

Results and Discussion

The integration of microfluidic devices with nano-sensors has revolutionized the field of
infectious disease diagnostics, offering rapid and sensitive detection capabilities. In this
section, we will discuss the results obtained from various studies, highlighting the advantages
of this technology over traditional diagnostic methods and addressing the challenges that
remain.

Microfluidic devices equipped with nano-sensors have demonstrated remarkable performance
in detecting infectious diseases. These systems offer high sensitivity, enabling the detection
of pathogens at extremely low concentrations, often surpassing traditional methods. The
integration of microfluidics and nano-sensors significantly accelerates the detection process,
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providing results within minutes rather than hours or days. Additionally, these devices
maintain high specificity, accurately identifying target pathogens even in complex biological
samples, reducing the risk of false positives and negatives. These advantages make
microfluidic-nano-sensor systems a promising tool for rapid and accurate diagnosis of
infectious diseases, contributing to improved patient care and public health outcomes.
Microfluidic devices integrated with nano-sensors offer significant advantages over
traditional diagnostic methods. Their compact and portable nature enables point-of-care
applications, making them ideal for remote and resource-limited settings. Additionally, these
devices significantly reduce reagent consumption and enable multiplexed detection, leading
to cost-effective and efficient diagnostics. The integration of nano-sensors allows for real-
time monitoring of pathogen levels, providing valuable insights into disease progression and
treatment efficacy. These advantages collectively contribute to improved patient care, faster
diagnosis, and more effective disease management.

Challenges and Limitations

Scalability, robustness, and regulatory approval are significant challenges in the practical
implementation of microfluidic nano-sensor systems for infectious disease diagnostics. While
laboratory prototypes have shown promise, scaling up production remains complex due to the
need for specialized equipment and expertise. Ensuring the robustness and reproducibility of
devices in diverse environmental conditions is crucial, and ongoing research aims to improve
the stability of nano-sensors and microfluidic components. Furthermore, navigating
regulatory approval processes and conducting rigorous clinical validation studies are essential
for the successful adoption of these technologies in clinical settings. Addressing these
challenges will be key to realizing the full potential of microfluidic nano-sensor systems in
global health.

Conclusion

Microfluidic devices integrated with nano-sensors have emerged as a powerful tool for rapid
and sensitive detection of infectious diseases. These systems offer numerous advantages,
including high sensitivity, portability, cost-effectiveness, and real-time monitoring
capabilities. However, challenges such as scalability, device robustness, and regulatory
hurdles remain. Future research should focus on addressing these challenges through scalable
manufacturing techniques, integration of advanced nano-sensors, user-friendly interfaces, and
robust clinical validation. Additionally, integrating these devices with digital health solutions,
adapting them for emerging infectious diseases, and exploring environmental and field
applications are promising avenues for future development. Ethical considerations, public
acceptance, and collaborative research efforts will be crucial for the successful
implementation of microfluidic-nano-sensor technology in addressing global health
challenges.

References:

1. Alnasser, A. A., & Hadi, N. (2020). A microfluidic device for rapid detection of E. coli
0157

2. An, J, & Yang, M. (2021). Recent advances in microfluidic devices for point-of-care
diagnostics. Lab on a Chip, 21(8), 1553-1574. https://doi.org/10.1039/D0LC01252B

3. Barati, A.,, & Sadeghian, R. (2020). Nano-based biosensors for early detection of
infectious diseases: A review. Journal of Nanobiotechnology, 18(1), 1-18.
https://doi.org/10.1186/s12951-020-00670-4

4. Bard, A. J., & Faulkner, L. R. (2001). Electrochemical methods: Fundamentals and
applications (2nd ed.). Wiley.

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377



Microfluidic Devices with Nano Sanyogita Shahi 3374

5. Bhatia, S., & Malik, A. (2021). Microfluidics for the detection of infectious diseases:
Opportunities and  challenges.  Analytical  Chemistry,  93(23), 8028-8041.
https://doi.org/10.1021/acs.analchem.1c02466

6. Choi, H., & Park, H. (2020). Recent advances in the application of microfluidics for
diagnostic purposes. Current Opinion in Chemical Engineering, 28, 48-55.
https://doi.org/10.1016/j.coche.2020.02.005

7. Chuang, C. H., & Chang, J. Y. (2021). Development of a microfluidic platform for the
rapid detection of viruses in patient samples. Journal of Virology Methods, 288, 114024.
https://doi.org/10.1016/j.jviromet.2020.114024

8. da Costa, J. S.,, & Gomes, M. A. (2020). Microfluidic systems for biosensing
applications: A review. Sensors, 20(11), 3237. https://doi.org/10.3390/s20113237

9. Dhanjal, J. S., & Prakash, S. (2019). Advances in nanotechnology for infectious disease
diagnostics. Nanotechnology Reviews, 8(5), 867-886. https://doi.org/10.1515/ntrev-2018-
0134

10. Diniz, R. M., & de Lima, T. M. (2020). Development of a microfluidic device for the
rapid detection of COVID-19. Microfluidics and Nanofluidics, 24(8), 1-12.
https://doi.org/10.1007/s10404-020-02460-7

11. Dong, H., Zhou, Y., Hao, Y., Zhao, L., Sun, S., Zhang, Y., ... & Xu, M. (2020). “Turn-
on” ratiometric electrochemical detection of H202 in one drop of whole blood sample via
a novel microelectrode sensor. Biosensors and Bioelectronics, 165, 112402.

12. Dong, X., & Zhang, Y. (2021). A review of microfluidic devices for rapid detection of
bacterial pathogens. Biosensors, 11(9), 307. https://doi.org/10.3390/bios11090307

13. Dong, Y., Liu, Y., & Zhang, J. (2020). Advances in optical biosensors for pathogen
detection. Trends in Analytical Chemistry, 129, 115932,
https://doi.org/10.1016/j.trac.2020.115932

14. Dutta, S., & Ghosh, S. (2021). Nanomaterials for biosensing applications in infectious
disease diagnosis. Nanomaterials, 11(4), 869. https://doi.org/10.3390/nan011040869

15. El-Sayed, M. A., & Zayed, M. F. (2020). Integration of nanomaterials in microfluidic
devices for pathogen detection: A review. Sensors and Actuators B: Chemical, 314,
128025. https://doi.org/10.1016/j.snb.2020.128025

16. Feng, H., & Wang, H. (2021). Recent advances in electrochemical biosensors for
pathogen detection. Electrochimica Acta, 365, 137355.
https://doi.org/10.1016/j.electacta.2020.137355

17. Fuchs, J., & Herrmann, A. (2021). Advances in point-of-care testing: Microfluidic
devices for infectious disease detection. Current Opinion in Biotechnology, 68, 62-68.
https://doi.org/10.1016/j.copbio.2021.02.004

18. Ghosh, D., & Lee, J. (2020). Portable microfluidic platforms for the rapid detection of
infectious diseases. Microchimica Acta, 187(7), 1-15. https://doi.org/10.1007/s00604-020-

04264-6
19. Huang, J., & Zhang, C. (2020). Nanomaterial-based biosensors for the detection of viral
pathogens. Trends in Biotechnology, 38(6), 652-669.

https://doi.org/10.1016/j.tibtech.2020.11.006

20. Ira Singh, Siddharth Verma, Sanyogita Shahi (2022), Biomedical Application of Carbon
Nanotubes- A Review, Jundishapur Journal Of Microbiology, Vol. 15 (1), 7584-7597.

21. Jang, H., & Lee, J. (2020). Recent advances in the application of microfluidics for the
detection of infectious diseases. Journal of Microbiology, 58(3), 201-210.
https://doi.org/10.1007/s12275-020-0183-1

22. Jiang, Y., & Li, W. (2021). Development of a microfluidic device for rapid detection of
SARS-CoV-2. Journal of Microbiological Methods, 181, 106073.
https://doi.org/10.1016/j.mimet.2021.106073

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377


https://doi.org/10.3390/s20113237
https://doi.org/10.1016/j.tibtech.2020.11.006

3375 Sanyogita Shahi Microfluidic Devices with Nano

23. Kanani, H. A., & Wong, H. (2021). Novel microfluidic biosensors for the detection of
infectious  diseases: A review. Analytical Methods, 13(11), 1313-1326.
https://doi.org/10.1039/DOAY01801D

24. Khamis, M. A., & Al-Ansari, M. (2020). Recent advancements in microfluidics and
nanotechnology for infectious disease diagnostics. Analytical and Bioanalytical
Chemistry, 412(5), 1169-1183. https://doi.org/10.1007/s00216-020-02649-4

25. Khosroshahi, F., & Choi, H. (2020). Microfluidics for the detection of infectious
diseases: A review of recent advances. Microfluidics and Nanofluidics, 24(9), 1-23.
https://doi.org/10.1007/s10404-020-02656-4

26. Kim, J., & Lee, J. (2020). Nanosensors for the detection of infectious diseases:
Advances and challenges. Trends in  Biotechnology, 38(8), 835-845.
https://doi.org/10.1016/j.tibtech.2020.03.004

27. Kim, K., & Yang, M. (2021). Microfluidic devices for rapid diagnosis of infectious
diseases: Recent advances and future perspectives. Biosensors and Bioelectronics, 172,
112737. https://doi.org/10.1016/j.bi0s.2020.112737

28. Ko, Y. J., & Kim, S. H. (2020). Development of a microfluidic platform for the rapid
detection of bacterial pathogens. Analytical Chemistry, 92(3), 1930-1938.
https://doi.org/10.1021/acs.analchem.9b04723

29. Kumar, S., & Bansal, R. (2021). Recent advancements in the application of
nanomaterials in microfluidic devices for pathogen detection. Materials Today:
Proceedings, 47, 2402-2406. https://doi.org/10.1016/j.matpr.2021.06.180

30. Kumari, M., Gupta, V., Kumar, N., & Arun, R. K. (2024). Microfluidics-Based
Nanobiosensors for Healthcare Monitoring. Molecular biotechnology, 66(3), 378—401.
https://doi.org/10.1007/s12033-023-00760-9

31. Lee, Y., & Cho, H. (2020). A novel microfluidic device for rapid detection of viruses in
biological samples. Biomedical Microdevices, 22(2), 1-12. https://doi.org/10.1007/s10544-
020-00471-0

32. Li, H., & Xu, Z. (2020). Advances in nanosensor technology for the detection of
infectious  diseases. Sensors and Actuators B: Chemical, 325, 128884.
https://doi.org/10.1016/j.snb.2020.128884

33. Lin, Y., & Chen, J. (2021). Microfluidic devices for the detection of infectious diseases:
Areview. Sensors, 21(1), 1-26. https://doi.org/10.3390/s21010001

34. Liu, C., & Wu, J. (2020). Advances in microfluidic biosensors for the detection of
infectious pathogens. Analytical Chemistry, 92(18), 12118-12134.
https://doi.org/10.1021/acs.analchem.0c02948

35. Ma, Y., & Zhang, J. (2021). Development of an integrated microfluidic system for the
rapid  detection of viruses. Journal of Virology, 95(5), e02322-20.
https://doi.org/10.1128/JV1.02322-20

36. Mahato, K., & Ghosh, S. (2021). Nanomaterials in biosensing applications for rapid
detection of infectious diseases. Materials Science and Engineering: C, 119, 111571.
https://doi.org/10.1016/j.msec.2020.111571

37. Mavrikou, K., & Kapnisis, K. (2020). Microfluidic platforms for rapid detection of
pathogens: Current trends and future directions. Trends in Biotechnology, 38(9), 1062-
1076. https://doi.org/10.1016/j.tibtech.2020.03.003

38. Mehta, A., & Gupta, S. (2020). Nanoparticles for the rapid detection of infectious
diseases: A review. Materials  Today: Proceedings, 30, 345-349.
https://doi.org/10.1016/j.matpr.2020.04.069

39. Mumtaz Z, Rashid Z, Ali A, Arif A, Ameen F, AlTami MS, Yousaf MZ. Prospects of
Microfluidic Technology in Nucleic Acid Detection Approaches. Biosensors. 2023;
13(6):584. https://doi.org/10.3390/bios13060584

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377


https://doi.org/10.1007/s12033-023-00760-9

Microfluidic Devices with Nano Sanyogita Shahi 3376

40. Nadarajah, S., & Tilley, J. M. (2020). Recent advances in microfluidic devices for
pathogen detection: A review. Biosensors and Bioelectronics, 165, 112402.
https://doi.org/10.1016/j.bi0s.2020.112402

41. Niazi, J. H.,, & Sadig, A. (2020). Advances in microfluidic devices for diagnostic
applications. Current Opinion in Biotechnology, 65, 103-112.
https://doi.org/10.1016/j.copbio.2020.10.006

42. O’Hara, C. R., & Kelly, C. (2021). Nanosensor technology for rapid detection of
infectious  pathogens.  Advanced  Materials  Interfaces, 8(8), 2001791.
https://doi.org/10.1002/admi.202001791

43. Pan, Y., & Zhang, Y. (2020). Microfluidic technologies for point-of-care diagnostics:
Recent  advances and  future  perspectives. Biosensors, 10(3), 42
https://doi.org/10.3390/bios10030042

44. Qiu, J., & Yu, Y. (2020). Microfluidic devices for the detection of infectious diseases:
Opportunities and challenges. Trends in Analytical Chemistry, 130, 115992.
https://doi.org/10.1016/j.trac.2020.115992

45. Raghavan, R., & Chowdhury, M. (2021). Advances in nanosensors for the detection of
pathogens.  Frontiers in  Bioengineering and  Biotechnology, 9, 1-10.
https://doi.org/10.3389/fbioe.2021.629897

46. Rahman, M. M., & Hamid, M. A. (2020). Recent advancements in microfluidics for
rapid detection of infectious diseases. Lab on a Chip, 20(9), 1543-1561.
https://doi.org/10.1039/DOLCO0175A

47. Rojas, S., & Peinado, R. A. (2020). Biosensors based on nanomaterials for pathogen
detection: Recent advances. Materials Science and Engineering: C, 115, 111074.
https://doi.org/10.1016/j.msec.2020.111074

48. Samad, A., & Banu, N. (2020). Nanosensors in infectious disease diagnostics: A review.
Biosensors, 10(4), 35. https://doi.org/10.3390/bios10040035.

49. Sanyogita Shahi, Bioactive Component of Milk Oligosaccharides: A Review (2022),
NeuroQuantology, Vol. 20 (8), Pages: 5175-5180, DOI: 10.14704/nq.2022.20.8.NQ44543
50. Sanyogita Shahi, Shirish Kumar Singh (2023), Biosynthesis Of Nanoparticles Using
Milk Oligosaccharides, Journal of Advanced Zoology, Volume 44, Issue 5, Pages: 805-

811, DOI: https://doi.org/10.53555/jaz.v44i5.3241

51. Sanyogita Shahi, Shirish Kumar Singh, Mohammad Chand Jamali (2022), Concepts of
Nanotechnology in the examination of cells at the molecular level, International Journal of
Life Sciences Biotechnology & Pharmaceutical Sciences, Vol. 1, Issue 1, Pages: 1-4
http://ijlbps.online/index.php/home

52. Sanyogita Shahi, Shirish Kumar Singh (2024), Honeybee Venom: A Natural Remedy
with Promising Therapeutic Potential, Journal of Cardiovascular Disease Research,
Volume 15, Issue 9, Pages: 1574-1582, DOI: 10.48047/jcdr.2024.15.09.161

53. Schmidt, M., & Heiss, C. (2021). Nanomaterials in microfluidic devices for infectious
disease diagnostics: Current trends and future directions. Analytical Chemistry, 93(2), 667-
676. https://doi.org/10.1021/acs.analchem.0c04679

54. Seong, W. J., & Lee, J. (2021). Development of a microfluidic device for the rapid
detection of  viral pathogens. Microchimica  Acta, 188(9), 1-10.
https://doi.org/10.1007/s00604-021-04755-y

55. Shafique, S., & Kanwal, F. (2020). Advances in microfluidic biosensors for pathogen
detection: A review. Sensors and Actuators B: Chemical, 321, 128573.
https://doi.org/10.1016/j.snb.2020.128573

56. Sharma, R., & Sharma, A. (2021). Advances in electrochemical biosensors for the rapid
detection of infectious diseases. Biosensors and Bioelectronics, 178, 113048.
https://doi.org/10.1016/j.bios.2021.113048

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377


https://doi.org/10.3390/bios10040035
https://doi.org/10.53555/jaz.v44i5.3241
http://ijlbps.online/index.php/home
https://www.jcdronline.org/search.php

3377 Sanyogita Shahi Microfluidic Devices with Nano

57. Singh, A., & Sharma, P. (2020). Review on microfluidic technologies for pathogen
detection: Emerging trends and future perspectives. Trends in Analytical Chemistry, 126,
115896. https://doi.org/10.1016/j.trac.2020.115896

58. Soniya Pandey, Sanyogita Shahi (2024), Biosensors from Nature: Harnessing Natural
Products for Advanced Technology, Journal of Electrical Systems, Volume 20, Issue 10,
Pages: 5045-5055, DOI: https://doi.org/10.52783/jes.6186

59. Su, H., & Zhou, X. (2020). Microfluidic devices for the detection of infectious diseases:
Applications and challenges. Analytical and Bioanalytical Chemistry, 412(14), 3271-3288.
https://doi.org/10.1007/s00216-020-02654-6

60. Sun, Y., & Liu, Y. (2020). Nanosensors for pathogen detection: Recent advances and
future directions. Nanotechnology Reviews, 9(1), 123-135. https://doi.org/10.1515/ntrev-
2020-0020

61. Tan, Y., & Huang, J. (2021). A comprehensive review of microfluidics for infectious
disease diagnostics. Journal of Micromechanics and Microengineering, 31(7), 073001.
https://doi.org/10.1088/1361-6439/abef8e

62. Tavakoli, H., Mohammadi, S., Li, X., Fu, G., & Li, X. (2022). Microfluidic platforms
integrated with nano-sensors for point-of-care bioanalysis. Trends in analytical chemistry :
TRAC, 157, 116806. https://doi.org/10.1016/j.trac.2022.116806

63. Wang, Y., & Wei, Y. (2020). Advances in optical biosensors for rapid pathogen
detection. Analytical Chemistry, 92(20), 13561-135609.
https://doi.org/10.1021/acs.analchem.0c03053

64. Wu, Z., & Li, W. (2020). Microfluidic technologies for biosensing applications: Current
trends and future perspectives. Journal of Nanobiotechnology, 18(1), 1-22.
https://doi.org/10.1186/s12951-020-00669-x

65. Xu, R., & Yang, M. (2021). Emerging microfluidic technologies for pathogen detection:
A review. Microfluidics and Nanofluidics, 25(5), 1-24. https://doi.org/10.1007/s10404-
021-00265-0

66. Yang, C., & Hu, Z. (2020). Microfluidic systems for rapid diagnostics of infectious
diseases: Recent developments and future directions. Trends in Biotechnology, 38(9),
1058-1061. https://doi.org/10.1016/j.tibtech.2020.03.002

67. Yoon, S. H., & Lee, S. (2020). Microfluidic devices for biosensing applications in
infectious disease diagnostics: A review. Sensors, 20(14), 4012.
https://doi.org/10.3390/s20144012

68. Zhang, J., & Yu, Y. (2021). A microfluidic platform for the rapid detection of viral
pathogens. Analytica Chimica Acta, 1160, 205-212.
https://doi.org/10.1016/j.aca.2021.33888

69. Zhang, Y., & Wang, Y. (2020). Microfluidics for point-of-care diagnostics: Recent
advances and future perspectives. Lab on a Chip, 20(7), 1256-1272.
https://doi.org/10.1039/C9LC01059A

70. Zhao, X., & Liu, Y. (2020). Nanosensor technologies for the rapid detection of
infectious diseases. Analytical Chemistry, 92(14), 9366-9380.
https://doi.org/10.1021/acs.analchem.0c02156

Nanotechnology Perceptions 20 No. S14 (2024) 3369-3377


https://doi.org/10.1016/j.trac.2020.115896
https://doi.org/10.52783/jes.6186
https://doi.org/10.1007/s00216-020-02654-6
https://doi.org/10.1515/ntrev-2020-0020
https://doi.org/10.1515/ntrev-2020-0020
https://doi.org/10.1088/1361-6439/abef8e
https://doi.org/10.1016/j.trac.2022.116806
https://doi.org/10.1021/acs.analchem.0c03053
https://doi.org/10.1186/s12951-020-00669-x
https://doi.org/10.1007/s10404-021-00265-0
https://doi.org/10.1007/s10404-021-00265-0
https://doi.org/10.1016/j.tibtech.2020.03.002
https://doi.org/10.3390/s20144012
https://doi.org/10.1016/j.aca.2021.33888
https://doi.org/10.1039/C9LC01059A

