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Improved health management is a key to provide a better health care [1–3]. Higher standards
of health care management can be achieved by making a timely decision based on rapid diagnostics,
smart data analysis, and informatics analysis. Thus, smart therapeutics, analytical tools, and diagnostics
systems are always in demands to enhance the health wellness [4–6]. The optimization of a therapeutics
is crucial to manage a disease, in terms of progression and monitoring evaluation, according to the
patient profile. At the same time, disease progression/monitoring is vital for epidemic understanding
and management. To reach this goal, it is imperative to conduct cutting edge research in order to
design and develop smart diagnostic systems capable of performing as per patient profiles and make
personalized health care possible [1,4–7].

Biosensors, smart analytical diagnostic tools, have been investigated with the potentials of point
of care (POC) applications needed for personalized health care/management [8–10]. Keeping this in
view, efforts are continuously being made to make biosensors more efficient, in terms of sensitivity,
and of reduced form factors, in terms of portability [6,8,11]. Over the time, advancements in
nanoscience and technology [1] have enabled biosensor development of desired salient features
such as higher sensitivity, wider detection range, and low detection limits [11]. Smart electro-active
functionalized nanostructures have also contributed to the development of biosensors by allowing
for signal amplification, which is essential to achieve higher sensitivity and low detection limits of
biosensor [11,12]. Emerging micro-electronics (e.g., miniaturized analyzer) and fabrication technologies
(e.g., interdigitated electrodes) have also been useful to design and develop miniaturized and portable
biosensors [13,14]. The integration of such biosensors with a BioMEMS technology has enabled
automated and precise bio-sensing systems for better biological and clinical applications [15,16].

Recently, we have explored the self-assembled monolayer modified interdigitated microelectrodes
to fabricate electrochemical cortisol (a psychological stress biomarker) biosensor (Figure 1A) [13].
This sensor detected cortisol at pM selectively in the saliva of farm-workers [17] and the plasma of
the human immunodeficiency virus (HIV) positive patients [18]. This sensor was validated using an
enzyme linked immunoabsorbent assay (ELISA) and was then further integrated with a miniaturized
potentiostat to develop the sensor for POC application [15]. Similar kind of sensing prototype was
also developed to detect the zika-virus protein at pM level [2,19,20]. Efforts are being made to use this
sensor for real samples and compare the results with ELISA to optimize zika-virus protein detection
for an early stage diagnostics at the site of the epidemic (Figure 1B) [2,21]. We have also explored
the Electrochemical chip-based platform [22] to monitor the electrophysiology of cells infected with
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HIV-1 infection and treated with the anti-HIV drug (Figure 1C) [23,24]. Though such a developed chip
needs a lot of optimization to present it as an alternative to expensive ELISA and polymerase chain
reaction (PCR). In addition, efforts are being made to integrate the developed sensing platform with
the smartphone to allow easy operation, systematic data management, and in time bio-informatics
analysis for therapy decision.

Figure 1. Illustration of the development of an electrochemical cortisol immune-sensor for POC
application. The sensing system consists of a cortisol sensing chip integrated with a microfluidic manifold
and interfaced with a miniaturized potentiostat (A) [15,18]. The electrochemical zika virus immunosensing
chip for the detection of zika-virus envelope protein at 10 pM level (B) [2]. The chip-based electrochemical
system to monitor the electrophysiology of cells during infection and treatment (C) [23,24].

The high selectivity and sensitivity of biosensors allow them to diagnose and manage targeted
diseases at early stages and facilitate timely therapy decision. The advancements in the sensor
integration and packaging technologies have enabled the disease diagnostics at POC [25]. The POC
sensing systems are user-friendly and allow a much-needed diagnostics approach because of their easy
operation, accessibility to disease sites and a rapid diagnostics in the remote areas where a suitable
clinical laboratory set-up, and expertise is not accessible [1,2,26]. The artificial intelligence (AI) and the
internet of things (IoT) have also been integrated with biosensors, allowing for real-time monitoring of
biomarkers to generate bio-informatics needed for disease monitoring and to understand the epidemic
and progression under therapy to optimize in time treatment [27,28].

In spite of significant advancements in the smart bio-sensing, efforts are continuously being made
to develop cost-effective biosensors of reduced form factors for better health wellness. The implantable
biosensor has been announced as the next generation biosensor for the personalized health care [29].
However, this objective has various obstacles, such as the fabrication of sensing units at the
micro/nanoscale, bio-compatibility, implantation, sensor calibration, data sharing, and data analytics.
Efforts are continuously being made to overcome these obstacles and by bringing chemist, physicist,
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biologist, electrical engineers, biomedical engineers, and clinicians at the same platform to explore best
possible approaches.

Keeping advancements, challenges, and future prospects in mind, this special issue entitled
“Point-of-Care Sensing Devices” for the MDPI-Sensors focuses on the ongoing research pertaining to the
fundamental and applied research to develop biosensors for POC application. This special issue invites
mini-reviews, reviews, letters, and research articles related to the field of nanotechnology, advanced
functional sensing materials, numerical simulations, advancements in transduction, miniaturized
sensing system development, AI and IoT. Technological advancement in signal amplification and
developments in optical, electrical, magnetic, physical sensing strategies to fabricate an efficient sensing
system is also covered in this issue.

This editorial encourages researchers to conduct active multidisciplinary and collaborative
research oriented towards the design and development of smart POC sensing systems and to submit
related research in the MDPI-Sensors journal. Editors would like to express sincere thanks to the
contributors and reviewers for making this special issue successful and informative. We strive to make
this special issue a value added to the scientific community by exploring nano-enabled sensing at POC
for rapid and desired diagnostics needed for personalized health care and wellness.

Acknowledgments: A.K. acknowledges Institute of Neuro-Immune Pharmacology and Department of Immunology
and Nano-Medicine of Florida International University. M.M. acknowledges Department of Electrical and Computer
Engineering, Florida International University.

Conflicts of Interest: Authors declare no conflict of Interest.

References

1. Bhardwaj, V.; Kaushik, A. Biomedical applications of nanotechnology and nanomaterials. Micromachines
2017, 8, 298. [CrossRef] [PubMed]

2. Kaushik, A.; Yndart, A.; Kumar, S.; Jayant, R.D.; Vashist, A.; Brown, A.N.; Li, C.-Z.; Nair, M. A sensitive
electrochemical immunosensor for label-free detection of zika-virus protein. Sci. Rep. 2018, 8, 9700. [CrossRef]

3. Kaushik, A.; Kumar, R.; Arya, S.K.; Nair, M.; Malhotra, B.; Bhansali, S. Organic–inorganic hybrid
nanocomposite-based gas sensors for environmental monitoring. Chem. Rev. 2015, 115, 4571–4606. [CrossRef]
[PubMed]

4. Kaushik, A.; Jayant, R.D.; Tiwari, S.; Vashist, A.; Nair, M. Nano-biosensors to detect beta-amyloid for
alzheimer’s disease management. Biosens. Bioelectron. 2016, 80, 273–287. [CrossRef]

5. Kaushik, A.; Tiwari, S.; Jayant, R.D.; Marty, A.; Nair, M. Towards detection and diagnosis of Ebola virus
disease at point-of-care. Biosens. Bioelectron. 2016, 75, 254–272. [CrossRef] [PubMed]

6. Kaushik, A.; Vasudev, A.; Arya, S.K.; Pasha, S.K.; Bhansali, S. Recent advances in cortisol sensing technologies
for point-of-care application. Biosens. Bioelectron. 2014, 53, 499–512. [CrossRef]

7. Liu, C.; Zhu, Q.; Holroyd, K.A.; Seng, E.K. Status and trends of mobile-health applications for iOS devices:
A developer’s perspective. J. Syst. Softw. 2011, 84, 2022–2033. [CrossRef]

8. Kaushik, A.K.; Dixit, C.K. Nanobiotechnology for Sensing Applications: From Lab to Field; Apple Academic Press:
Palm Bay, FL, USA, 2016.

9. Dixit, C.K.; Kaushik, A.K.; Kaushik, A. Microfluidics for Biologists; Springer: Berlin, Germany, 2016.
10. Wang, J. Electrochemical biosensors: Towards point-of-care cancer diagnostics. Biosens. Bioelectron. 2006, 21,

1887–1892. [CrossRef]
11. Kaushik, A.; Jayant, R.; Nair, M. Advancements in nano-enabled therapeutics for neurohiv management.

Int. J. Nanomed. 2016, 11, 4317–4325. [CrossRef]
12. Vaddiraju, S.; Tomazos, I.; Burgess, D.J.; Jain, F.C.; Papadimitrakopoulos, F. Emerging synergy between

nanotechnology and implantable biosensors: A review. Biosens. Bioelectron. 2010, 25, 1553–1565. [CrossRef]
13. Vasudev, A.; Kaushik, A.; Tomizawa, Y.; Norena, N.; Bhansali, S. An LTCC-based microfluidic system for

label-free, electrochemical detection of cortisol. Sens. Actuators B Chem. 2013, 182, 139–146. [CrossRef]
14. Stoppa, M.; Chiolerio, A. Wearable electronics and smart textiles: A critical review. Sensors 2014, 14,

11957–11992. [CrossRef]

http://dx.doi.org/10.3390/mi8100298
http://www.ncbi.nlm.nih.gov/pubmed/30400488
http://dx.doi.org/10.1038/s41598-018-28035-3
http://dx.doi.org/10.1021/cr400659h
http://www.ncbi.nlm.nih.gov/pubmed/25933130
http://dx.doi.org/10.1016/j.bios.2016.01.065
http://dx.doi.org/10.1016/j.bios.2015.08.040
http://www.ncbi.nlm.nih.gov/pubmed/26319169
http://dx.doi.org/10.1016/j.bios.2013.09.060
http://dx.doi.org/10.1016/j.jss.2011.06.049
http://dx.doi.org/10.1016/j.bios.2005.10.027
http://dx.doi.org/10.2147/IJN.S109943
http://dx.doi.org/10.1016/j.bios.2009.12.001
http://dx.doi.org/10.1016/j.snb.2013.02.096
http://dx.doi.org/10.3390/s140711957


Sensors 2018, 18, 4303 4 of 4

15. Cruz, A.F.D.; Norena, N.; Kaushik, A.; Bhansali, S. A low-cost miniaturized potentiostat for point-of-care
diagnosis. Biosens. Bioelectron. 2014, 62, 249–254. [CrossRef] [PubMed]

16. Bashir, R. Biomems: State-of-the-art in detection, opportunities and prospects. Adv. Drug Deliv. Rev. 2004, 56,
1565–1586. [CrossRef] [PubMed]

17. Pasha, S.K.; Kaushik, A.; Vasudev, A.; Snipes, S.A.; Bhansali, S. Electrochemical immunosensing of saliva
cortisol. J. Electrochem. Soc. 2014, 161, B3077–B3082. [CrossRef]

18. Kaushik, A.; Yndart, A.; Jayant, R.D.; Sagar, V.; Atluri, V.; Bhansali, S.; Nair, M. Electrochemical sensing
method for point-of-care cortisol detection in human immunodeficiency virus-infected patients. Int. J.
Nanomed. 2015, 10, 677.

19. Ahmadivand, A.; Gerislioglu, B.; Manickam, P.; Kaushik, A.; Bhansali, S.; Nair, M.; Pala, N. Rapid detection
of infectious envelope proteins by magnetoplasmonic toroidal metasensors. ACS Sens. 2017, 2, 1359–1368.
[CrossRef]

20. Ahmadivand, A.; Gerislioglu, B.; Tomitaka, A.; Manickam, P.; Kaushik, A.; Bhansali, S.; Nair, M.; Pala, N.
Extreme sensitive metasensor for targeted biomarkers identification using colloidal nanoparticles-integrated
plasmonic unit cells. Biomed. Opt. Express 2018, 9, 373–386. [CrossRef]

21. Kaushik, A.; Nair, M. Rapid Zika Virus Detection Using Nano-Enabled Electrochemical Sensing System.
U.S. Patent US10012645B2, 3 July 2018.

22. Shah, P.; Kaushik, A.; Zhu, X.; Zhang, C.; Li, C.-Z. Chip based single cell analysis for nanotoxicity assessment.
Analyst 2014, 139, 2088–2098. [CrossRef]

23. Kaushik, A.; Nair, M. Devices and Methods to Monitor HIV-Infection in Presence of Substance of Abuse
and/or Therapeutic Agent. U.S. Patent US9759709B1, 12 September 2017.

24. Kaushik, A.; Vabbina, P.K.; Atluri, V.; Shah, P.; Vashist, A.; Jayant, R.D.; Yandart, A.; Nair, M. Electrochemical
monitoring-on-chip (E-MoC) of HIV-infection in presence of cocaine and therapeutics. Biosens. Bioelectron.
2016, 86, 426–431. [CrossRef]

25. Yager, P.; Domingo, G.J.; Gerdes, J. Point-of-care diagnostics for global health. Annu. Rev. Biomed. Eng. 2008,
10, 107–144. [CrossRef] [PubMed]

26. Gubala, V.; Harris, L.F.; Ricco, A.J.; Tan, M.X.; Williams, D.E. Point of care diagnostics: Status and future.
Anal. Chem. 2011, 84, 487–515. [CrossRef] [PubMed]

27. Gope, P.; Hwang, T. Bsn-care: A secure IOT-based modern healthcare system using body sensor network.
IEEE Sens. J. 2016, 16, 1368–1376. [CrossRef]

28. Yu, K.-H.; Beam, A.L.; Kohane, I.S. Artificial intelligence in healthcare. Nat. Biomed. Eng. 2018, 2, 719.
[CrossRef]

29. Gray, M.; Meehan, J.; Ward, C.; Langdon, S.P.; Kunkler, I.H.; Murray, A.; Argyle, D. Implantable biosensors
and their contribution to the future of precision medicine. Vet. J. 2018, 239, 21–29. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.bios.2014.06.053
http://www.ncbi.nlm.nih.gov/pubmed/25016332
http://dx.doi.org/10.1016/j.addr.2004.03.002
http://www.ncbi.nlm.nih.gov/pubmed/15350289
http://dx.doi.org/10.1149/2.017402jes
http://dx.doi.org/10.1021/acssensors.7b00478
http://dx.doi.org/10.1364/BOE.9.000373
http://dx.doi.org/10.1039/C3AN02280C
http://dx.doi.org/10.1016/j.bios.2016.06.086
http://dx.doi.org/10.1146/annurev.bioeng.10.061807.160524
http://www.ncbi.nlm.nih.gov/pubmed/18358075
http://dx.doi.org/10.1021/ac2030199
http://www.ncbi.nlm.nih.gov/pubmed/22221172
http://dx.doi.org/10.1109/JSEN.2015.2502401
http://dx.doi.org/10.1038/s41551-018-0305-z
http://dx.doi.org/10.1016/j.tvjl.2018.07.011
http://www.ncbi.nlm.nih.gov/pubmed/30197105
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

