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Abstract

Today COVID-19 pandemic caused by the SARS-CoV-2 virus is the most 
challenging health issue due to the fast transmission rate and its impact on 
different aspects of human life. Although RT-PCR is the primary method to 
detect SARS-CoV-2, other reliable methods are being developed to detect this 
pathogen. Biosensors can provide fast, reliable, and point-of-care diagnostic. 
Among them, electrochemical biosensors attract considerable interest. In this 
mini-review, I will summarize few electrochemical biosensors which have been 
developed to detect the SARS-CoV-2 virus.
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Introduction
SARS-CoV-2 belongs to coronavirus families which are 

responsible for respiratory, hepatic, enteric, and neurological diseases. 
Coronavirus name originated from the Latin word coronam (crown) 
because of the crown-like image of this type of viruses on the electron 
microscope image [1]. People affected by COVID-19 show symptoms 
like fever, nonproductive cough, shortness of breath, myalgia, fatigue, 
anosmia, ageusia, normal or decreased leukocyte count and ground-
glass opacities [2]. 

Biosensors based on the transducer can be categorized into 
electrochemical, optical, mechanical and thermal devices. Among 
biosensors, electrochemical biosensors are extensively applied owing 
to simple operation, high sensitivity and applicability in turbid and 
colored solution as well as capability of use in the portable device [3,4]. 
The International Union of Pure and Applied Chemistry (IUPAC) 
define electrochemical biosensors as “a self-contained integrated 
device which is capable of providing specific quantitative or semi-
quantitative analytical information using a biological recognition 
element (biochemical receptor) which is retained in direct spatial 
contact with an electrochemical transduction element”. Bioreceptors 
which can apply in biosensor are DNA probes, aptamer, antibody, 
enzymes, tissues and cell reporters [5,6]. These biomolecules are the 
key players as they can provide the selectivity of the biosensor. Most 
electrochemical biosensors developed for COVID-19 are based on 
antibody and one paper studied the applicability of DNA probes. In 
this review, the method for fabrication of the device, selectivity and 
sensitivity of sensors are also discussed.

Electrochemical Biosensor
Electrochemical biosensors measure changes in resistance, 

capacitance, potential and current due to biological binding events at 
the biosensor surface [7]. Various types of electrochemical biosensors 
including potentiometric, voltammetric, and impedimetric as well as 
field-effect transistors are applied to detect different analytes.

Voltammetric biosensor
In voltammetric biosensors, the interaction between analyte and 

bioreceptor is detected by changing current as a function of applied 
potential. The square wave voltammetry method was applied to detect 
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SARS-CoV-2 virus antigen. The purposed biosensor was fabricated 
by drop-casting carbon nanofiber on the surface of a screen-printed 
carbon electrode followed by electrografting of carboxyphenyl groups 
through the reduction of a diazonium salt. Then the Nucleocapsid 
(N) protein antigen was covalently bond to the electrode surface via 
EDC/NHS chemistry. The detection zone was covered with a piece 
of cotton fiber to collect a nasal sample directly on the electrode 
surface. The immunosensor was immersed into a PCR tube to record 
measurements. In this system binding positively charged antibody 
with antigen on the electrode surface led to an increase in reduction 
peak current of the redox probe (Ferro/Ferricyanide). For detection 
of a protein antigen, a fixed concentration of N protein antibody 
was mixed with different concentrations of N protein antigen. The 
complex was incubated on the electrode surface. The higher the 
concentration of antigen in the solution, the smaller the amount of 
antibody remained in the solution. Therefore, there was a smaller 
reduction in the reduction peak current. The percentage increase in 
the peak current of the redox probe showed a linear relationship with 
the logarithmic concentration of antigen in the range of 1 to 1000 ng/
mL of the N protein. The aforementioned immunosensor sensor was 
shown to present a low detection limit and good selectivity toward 
other virus antigens like Flu A or HCoV and was demonstrated in the 
detection of antigen in nasopharyngeal swabs sample [8].

Potentiometric biosensor
Potentiometric measurements are based on measuring the 

potential difference between two electrodes which are separated 
by a prem-selective membrane by means of a high-impedance 
potential measuring device. The two electrodes can be an indicator 
or reference electrode or two reference electrodes [6,9]. An immuno-
potentiometric sensor based on SpikeS1 antibody of SARS-CoV-2 
electro-inserted to kidney cells membrane was developed to detect 
SARS-CoV-2 antigen. The suspension of membrane engineered 
cell/antigen s1was produced with several steps and added to the 
wells of the polydimethylsiloxane layer. These wells were located on 
eight gold screen-printed electrodes. Interactions of electro-inserted 
SARS-CoV-2 antibody and SARS-CoV-2 spike protein in the solution 
resulted in changing potential of membrane-engineered cells which 
was measured by the multichannel potentiometer. The potentiometer 
device is connected to a tablet to measure real-time changes in the 
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electric properties of the cells. The purposed biosensor showed a 
detection limit of 1fgmL-1 and a linear range of response between 
10fg-1μgmL-1. The potentiometric device and disposable sensor strip 
were showed in Figure 1B and 1C respectively [10].

Field effect transistor
In a field effect transistor, the electroconductivity of the 

semiconductor channel between two electrodes (source and drain) is 
controlled by a gate electrode. Attachment of charged biomolecules 
to the bioreceptor resulted in threshold voltage variations that change 
the current in the channel [11]. Graphene FET biosensor modified 
electrostatically either with SARS-CoV-2 spike S1 subunit protein 
(CSAb) or angiotensin-converting enzyme 2 ACE2 were developed 
to identify COVID-19 spike protein S1. CSAb demonstrated higher 
affinity in affinity measurements. The biosensor work principle was 
based on variation in conductance/resistance (filed effect) due to 
attachment of spike protein with a slightly positive charge on the 
modified graphene surface. The fabricated immunosensor can obtain 
LOD 0.2pM [12]. The Schematic of this graphene field effect transistor 
was shown in Figure 2A. An aqueous solution-gated FET biosensor 
in which the changes in channel surface potential is the basis of the 
detection developed to detect SARS-CoV-2. The graphene channel 
was modified with SARS-CoV-2 spike antibody via 1-Pyrene Butyric 
Acid N-hydroxysuccinimide Ester (PBASE) linker. The purposed 
biosensor was showed excellent selectivity toward MERS-CoV protein 
and applicable in detecting SARS-CoV-2 nasopharyngeal swabs and 
cultured SARS-CoV-2 virus [13]. The Schematic of the purposed field 
effect transistor was illustrated in Figure 2B.

Electrochemical chip
An electrochemical biosensor coupled with an electrical readout 

setup was utilized to detect nucleocapsid phosphoprotein (N-gene) 
of SARS-CoV-2. For the fabrication of the sensor, the filter paper was 
modified with graphene solution. The predefined gold electrode was 
deposited on the graphene layer. The system utilized four antisense 
oligonucleotides (ssDNA) capped on gold nanoparticles for two 
separate regions of the N-gene. Hybridization between RNA of virus 
and ssDNA resulted in the change in charge and electron mobility 
on the graphene surface which causes the change in sensor voltage. 
The senor showed good sensitivity toward MERS-CoV or SARS-CoV 
RNA and applicable in Nasopharyngeal swab specimens to detect 
viral COVID-19 RNA [14]. The Schematic of this DNA sensor was 
demonstrated in Figure 2C. The above-mentioned biosensors are 
summarized in Table 1.

Conclusion
In this mini-review, few electrochemical biosensors and their 

application in the detection of COVID-19 covered. The purposed 
biosensor can obtain an excellent detection limit and showed good 
selectivity toward other viruses. As infectious diseases are a potential 
threat for human being and the environment, there is still the need for 

Figure 1: A) Voltammetric immunosensor left to right electrografting of 
the electrode surface, sample collection and competitive mechanism with 
permission ref [8]. B) The potentiometric device and disposable sensor with 
permission ref [10].

Figure 2: A,C) Schematic of graphene field effect transistor with permission 
ref [12,13]; B) Schematic configuration of the electrochemical chip with gold 
nanoparticle with permission ref [14].

Method Biomolecules LOD Linear Range Ref
Square wave 
voltammetry Nucleocapsid (N) protein antigen 0.8pgml-1 1 to 1000 ngmL-1 [8]

Potentiometry SpikeS1 antibody of SARS-CoV-2 1fgmL-1 10fg-1μg mL-1 [10]
Field effect 
transistor SARS-CoV-2 spike S1 subunit  protein LOD 0.2pM. - [12]

Field effect 
transistor SARS-CoV-2 spike antibody

1fgmL-1.
Culture medium (limit of detection 1.6×101pfumL-1 & clinical 

samples 2.42×102 Copies mL-1

1fgmL-1 PBS and 100fgmL-1 clinical 
transport medium [13]

Electrochemical 
chip 

Nucleocapsid phospho-protein 
(N-gene) of SARS-CoV-2 6.9 copies μL-1 585.4 copies μL-1 to 5.854×107 

copies μL−1 [14]

Table 1: Electrochemical biosensor for detection of COVID-19.
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developing new biosensor which can apply in the field measurement. 
In addition, various real samples should investigate with the 
purposed biosensors to evaluate the accuracy and precision of these 
devices. It is expected that novel biosensors with different bioreceptor 
will introduce in the future. Moreover, a comparison between these 
devices from different aspects like sensitivity, selectivity, reliability 
with the conventional methods should provide in ongoing research.

References
1. E Sheikhzadeh, S Eissa, A Ismail, M Zourob. Diagnostic techniques for 

COVID-19 and new developments. Talanta. 2020; 220: 121392.

2. T Singhal. A Review of Coronavirus Disease-2019 (COVID-19). The Indian 
Journal of Pediatrics. 2020; 87: 281-286.

3. MR Housaindokht, N Ashraf, E Sheikhzadeh. Design of a disposable solid-
state potentiometric sensor for codeine content control in pharmaceutical 
preparations. Sensor letter. 2014; 12: 1341-1346.

4. E Sheikhzadeh, V Beni, M Zourob. Nanomaterial application in bio/sensors 
for the detection of infectious diseases. Talanta. 2021; 230: 122026.

5. S Singh, V Kumar, DS Dhanjal, S Datta, R Prasad, J Singh. Biological 
Biosensors for Monitoring and Diagnosis. Editors. In: J Singh, A Vyas, S 
Wang, R Prasad. Microbial Biotechnology: Basic Research and Applications. 
Springer Singapore, Singapore. 2020: 317-335.

6. DR Thévenot, K Toth, RA Durst, GS Wilson. Electrochemical biosensors: 
recommended definitions and classification. International Union of Pure and 
Applied Chemistry: Physical Chemistry Division, Commission I.7 (Biophysical 
Chemistry); Analytical Chemistry Division, Commission V.5 (Electroanalytical 
Chemistry). Biosensors and Bioelectronics. 2001; 16: 121-131.

7. KR Srivastava, S Awasthi, PK Mishra, PK Srivastava. Chapter 13 - Biosensors/
molecular tools for detection of waterborne pathogens. Editors. In: MN Vara 
Prasad, A Grobelak. Waterborne Pathogens. Butterworth-Heinemann. 2020: 
237-277.

8. S Eissa, M Zourob. Development of a Low-Cost Cotton-Tipped 
Electrochemical Immunosensor for the Detection of SARS-CoV-2. Analytical 
Chemistry. 2021; 93: 1826-1833.

9. W Vonau. Potentiometry. In: G Kreysa, K-i Ota, RF Savinell (Eds.). 
Encyclopedia of Applied Electrochemistry. Springer New York, New York, 
NY. 2014: 1692-1697.

10. S Mavrikou, G Moschopoulou, V Tsekouras, S Kintzios. Development of a 
Portable, Ultra-Rapid and Ultra-Sensitive Cell-Based Biosensor for the Direct 
Detection of the SARS-CoV-2 S1 Spike Protein Antigen. Sensors. 2020; 20: 
3121.

11. D Sadighbayan, M Hasanzadeh, E Ghafar-Zadeh. Biosensing based on field-
effect transistors (FET): Recent progress and challenges. TrAC Trends in 
Analytical Chemistry. 2020; 133: 116067.

12. QQ Xiaoyan Zhang, Qiushi Jing, Shen Ao, Zhihong Zhang, Mingchao Ding, 
Muhong Wu, et al. Electrical probing of COVID-19 spike protein receptor-
binding domain via a graphene field-effect transistor. 2020.

13. G Seo, G Lee, MJ Kim, S-H Baek, M Choi, KB Ku, et al. Rapid Detection of 
COVID-19 Causative Virus (SARS-CoV-2) in Human Nasopharyngeal Swab 
Specimens Using Field-Effect Transistor-Based Biosensor. ACS Nano. 2020.

14. M Alafeef, K Dighe, P Moitra, D Pan. Rapid, Ultrasensitive, and Quantitative 
Detection of SARS-CoV-2 Using Antisense Oligonucleotides Directed 
Electrochemical Biosensor Chip. ACS Nano. 2020; 14: 17028-17045.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7358765/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7358765/
https://pubmed.ncbi.nlm.nih.gov/32166607/
https://pubmed.ncbi.nlm.nih.gov/32166607/
https://www.researchgate.net/publication/283205806_Design_of_a_Disposable_Solid_State_Potentiometric_Sensor_for_Codeine_Content_Control_in_Pharmaceutical_Preparations
https://www.researchgate.net/publication/283205806_Design_of_a_Disposable_Solid_State_Potentiometric_Sensor_for_Codeine_Content_Control_in_Pharmaceutical_Preparations
https://www.researchgate.net/publication/283205806_Design_of_a_Disposable_Solid_State_Potentiometric_Sensor_for_Codeine_Content_Control_in_Pharmaceutical_Preparations
https://link.springer.com/chapter/10.1007/978-981-15-2817-0_14
https://link.springer.com/chapter/10.1007/978-981-15-2817-0_14
https://link.springer.com/chapter/10.1007/978-981-15-2817-0_14
https://link.springer.com/chapter/10.1007/978-981-15-2817-0_14
https://pubmed.ncbi.nlm.nih.gov/11261847/
https://pubmed.ncbi.nlm.nih.gov/11261847/
https://pubmed.ncbi.nlm.nih.gov/11261847/
https://pubmed.ncbi.nlm.nih.gov/11261847/
https://pubmed.ncbi.nlm.nih.gov/11261847/
https://www.sciencedirect.com/science/article/pii/B978012818783800013X
https://www.sciencedirect.com/science/article/pii/B978012818783800013X
https://www.sciencedirect.com/science/article/pii/B978012818783800013X
https://www.sciencedirect.com/science/article/pii/B978012818783800013X
https://pubs.acs.org/doi/10.1021/acs.analchem.0c04719
https://pubs.acs.org/doi/10.1021/acs.analchem.0c04719
https://pubs.acs.org/doi/10.1021/acs.analchem.0c04719
https://www.springer.com/gp/book/9781441969958
https://www.springer.com/gp/book/9781441969958
https://www.springer.com/gp/book/9781441969958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309076/
https://pubmed.ncbi.nlm.nih.gov/33052154/
https://pubmed.ncbi.nlm.nih.gov/33052154/
https://pubmed.ncbi.nlm.nih.gov/33052154/
https://arxiv.org/abs/2003.12529
https://arxiv.org/abs/2003.12529
https://arxiv.org/abs/2003.12529
https://pubs.acs.org/doi/10.1021/acsnano.0c02823
https://pubs.acs.org/doi/10.1021/acsnano.0c02823
https://pubs.acs.org/doi/10.1021/acsnano.0c02823
https://pubs.acs.org/doi/10.1021/acsnano.0c06392
https://pubs.acs.org/doi/10.1021/acsnano.0c06392
https://pubs.acs.org/doi/10.1021/acsnano.0c06392

	Title
	Abstract
	Introduction
	Electrochemical Biosensor
	Potentiometric biosensor
	Field effect transistor
	Electrochemical chip

	Conclusion
	References
	Figure 1
	Figure 2
	Table 1

