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A B S T R A C T   

Electrochemical biosensors combine the selectivity of electrochemical signal transducers with the specificity of 
biomolecular recognition strategies. Although they have been broadly studied in different areas of diagnostics, 
they are not yet fully commercialized. During the COVID-19 pandemic, electrochemical platforms have shown 
the potential to address significant limitations of conventional diagnostic platforms, including accuracy, 
affordability, and portability. The advantages of electrochemical platforms make them a strong candidate for 
rapid point-of-care detection of SARS-CoV-2 infection by targeting not only viral RNA but antigens and anti-
bodies. Herein, we reviewed advancements in electrochemical biosensing platforms towards the detection of 
SARS-CoV-2 through studying similar viruses.   

1. Introduction 

This review perspective discusses the most recent advancements in 
electrochemical diagnostic methods to combat the current viral 
pandemic. The massive number of publications on COVID-19 di-
agnostics motivated this review intending to encourage the develop-
ment of effective point-of-care approaches based on electrochemical 
biosensing. We dedicate our work to the healthcare providers and the 
front-line workers whose roles can be assisted through more efficient 
methods for point-of-care diagnostics during the pandemic. 

One of the main challenges during the COVID-19 pandemic is an 
urgent need for improved pathogen diagnostic techniques (Cesewski and 
Johnson 2020; Uhteg et al. 2020). Accurate and widespread testing is 
essential for the containment of SARS-CoV-2, facilitating efficient con-
tact tracing and necessary treatment (Qin et al. 2020; Shen et al. 2020). 
However, restricted by supply-chain shortages and limited accredited 
laboratories, the implementation of adequate testing regimes has been 
substandard in various countries (Germany 2020; Moatti 2020). Con-
ventional detection platforms such as polymerase chain reaction (PCR) 
and enzyme-linked immunosorbent assay (ELISA) create and perpetuate 
these issues as these laboratory-based techniques often require trained 
personnel to perform multiple time-consuming steps, using large vol-
umes of expensive reagents (Scheme 1). The complicated nature of these 
tests makes them unsuitable for rapid large-scale diagnostics, restricting 

the availability and distribution of COVID-19 tests (Feng et al. 2020). 
Table 1 summarizes the advantages and limitations of existing diag-
nostic methods. 

In particular, reverse-transcriptase polymerase chain reaction (RT- 
PCR) is the gold standard for diagnosis of COVID-19, as recommended 
by the World Health Organization (WHO) and the American Center for 
Disease Control (CDC) (Control and Prevention 2020; Organization 
2020). The testing workflow consists of the reverse transcription of viral 
RNA to complementary DNA strands, followed by PCR-based amplifi-
cation of specific regions on the complementary DNA (Scheme 1, mid-
dle). In the case of SARS-related viral genomes, there are three main 
conserved target sequences: (1) RNA-dependent RNA polymerase gene 
(RdRp gene), (2) envelope protein gene (E gene), and (3) nucleocapsid 
protein gene (N gene) (Corman et al. 2020a; Udugama et al. 2020). A 
recommended RT-PCR protocol initially developed by Corman et al. 
(2020b) was a combination of an E gene assay and a 
SARS-CoV-2-selective RdRp gene assay with detection limits of 3.9 and 
3.6 copies per reaction, respectively. Despite the high sensitivity of this 
method, reports studying the assessment of COVID-19 diagnostic 
methods found that these tests can be susceptible to false negative rates 
due to insufficient viral genetic material in the sample as well as labo-
ratory and transportation error (Huang et al. 2020; Jung et al. 2016; 
Kubina and Dziedzic 2020; Li et al. 2020a; Santiago 2020; Velay et al. 
2020; Xie et al. 2020). 
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The superior sensitivity and limit of detection (LOD) of a diagnostic 
platform depend on the infectious dose and the minimum viral load of 
the SARS-CoV-2 virus. The infectious dose of a virus is the number of 
virus particles that are enough to infect 50% of a given population 
(Schröder 2020), and the viral load is the number of virus particles in an 
infected individual (Walsh et al. 2020). For SARS-CoV-2, the infectious 
dose is unknown, and the viral load is highly variable (Schröder 2020; 
Walsh et al. 2020). As a result, defining the minimum detection limit for 
the diagnostic platform is challenging. Until the virological levels are 
concretely known, comparative studies are an effective means of 
determining the required detection limits for SARS-CoV-2 diagnostic 
tests. Current ‘best-in-class’ diagnostic tests have detection limits around 
100 copies/mL (Arnaout et al. 2020). 

In general, the aforementioned limitations establish an immediate 
need for more accurate, affordable, and portable tests that are easy-to- 
use at large scales. This review explores electrochemical diagnostic 
tests as an alternative to conventional pathogen detection methods by 
studying recent advancements in the field of biosensing. 

2. Electrochemical biosensors for pathogen diagnostics 

Electrochemical sensors, analogous to glucose meters (Scheme 2), 
attempt to address the need for rapid, sensitive, low-cost, and easy-to- 
operate detection strategies (Huy et al. 2011; Layqah and Eissa 2019). 
By employing a signal transducer, based on the direct quantifiable 
electronic response of an electrochemical reaction on the electrode, 
these sensors can provide signal selectivity in complex media such as 
whole blood, unlike optical- or mass-based detection methods (Thévenot 
et al. 2001). The signal is defined as an increase (signal-on) or a decrease 
(signal-off) in electrochemical response of the electrode by the target 
concentration elevation, which is measured either through the electron 
transfer (CA, CV, SWV) or the electron transfer resistance (EIS) (Xiao 

et al. 2005). Furthermore, the immobilization of biomolecular recog-
nition elements on the electrode’s surface adds specificity to the target, 
required in complex media. In this regard, electrochemical (bio)sensors 
have become an ideal tool for the direct detection of biomarkers related 
to, for example, pathogens in human specimens (Cesewski and Johnson 
2020). 

In addition to sensitivity and specificity, widespread sensing issues, 
such as high costs, large reagent volumes, and lengthy analysis times, 
can also be addressed with the electrochemical platforms. These 
favourable characteristics can be optimized through a multitude of 
strategies, including modification of the electrode materials, recognition 
probes, immobilization methods, and redox labels. For example, using 
the redox label ferrocene leads to high target affinity, whereas using 
methylene blue enhances the long-term stability (Kang et al. 2009). 
Additionally, nanotechnology has had a significant impact on all elec-
trochemical biosensors. Specifically, nanoparticles can be used as elec-
trochemical labels, or to increase the electron-transfer efficiency or the 
solution-interface surface area (Jianrong et al. 2004). For example, 
Khater et al., Lee et al., and Steinmetz et al. used gold nanoparticles to 
improve the response of their sensors when detecting viral pathogens 
(Khater et al. 2019; Lee et al. 2019; Steinmetz et al. 2019). The use of 
nanotechnology is in accordance with the recent trend of miniaturiza-
tion and enhancing portability in biosensors (da Silva et al. 2017; Khater 
et al. 2017). Similarly, advancements in isothermal amplification 
methods have led to the development of ultrasensitive electrochemical 
sensors to detect various pathogens (de la Escosura-Muñiz et al. 2016; 
Yu et al. 2015). Improving parameters, such as portability while maxi-
mizing sensitivity, is vital during the COVID-19 pandemic and can be 
achieved using these novel approaches (Cesewski and Johnson 2020). A 
multitude of novel testing platforms is reviewed here and summarized in 
Table 2. 

SARS-CoV-2 can be detected in multiple ways: the genetic material of 

Scheme 1. (top) The Novel Coronavirus SARS-CoV-2 illustrated with its components, including the surface proteins and viral RNA. Illustration of various steps to 
perform (middle) RT-PCR, and (bottom) ELISA-serological tests. 
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the virus, viral antigens, or serological antibody testing (Huang et al. 
2009; Huy et al. 2011; Morales-Narváez and Dincer 2020). A significant 
contributor to the severity of the pandemic was the lack of knowledge of 
SARS-CoV-2 and the progression of the infection. Throughout the 
pandemic, scientific understanding of the virus has grown exponen-
tially, particularly by drawing similarities between the novel 
SARS-CoV-2 and physically and genetically similar viruses, such as 
SARS-CoV, MERS-CoV, or influenza. For example, one of SARS-CoV-2’s 
entry mechanisms was determined from the existing research on SAR-
S-CoV’s (Rabaan et al. 2020). This practice can be further employed for 
the mechanisms of detection. By studying established platforms capable 
of detecting well-studied viruses, more efficient methods for detecting 
SARS-CoV-2 can be designed (Al Johani and Hajeer 2016; Andersen 
et al. 2020; Dudas et al. 2018; Wu et al. 2020). 

3. RNA/DNA detection for coronaviruses 

Nucleic acid-based electrochemical sensors (genosensors) use syn-
thetic oligonucleotide constructs as recognition elements, with specific 
sequences complementary to the target DNA or RNA (Abad-Valle et al. 
2005; González-López and Abedul 2020). If present, the target analyte 
will hybridize to the recognition element immobilized on the electrode’s 
surface. This hybridization induces a quantifiable change proportional 
to the analyte concentration and is detected using electrochemical signal 
transducers (Liu et al. 2009; Yu et al. 2017; Zhou et al. 2014). To act as a 
reasonable alternative to RT-PCR-based assays, electrochemical 

genosensors must have a comparable sensitivity, which could be tunable 
through the various optimization strategies discussed above. 

Electrochemical approaches, for the detection of SARS-CoV nucleic 
acids, constituted of probe strands that are complementary to a portion 
of the target genome, which are immobilized on the surface of an 
electrode. Some earlier works such as Abad-Valle et al. (2005) and 
Martínez-Paredes et al. (2009) developed similar electrochemical gen-
osensors targeting the 30-base-pair sequences of the genome of 
SARS-associated coronavirus on the surface of 100-nm gold-sputtered 
films (Abad-Valle et al. 2005) and gold nanostructured screen-printed 
carbon electrodes (Martínez-Paredes et al. 2009). The targets were 
further conjugated to alkaline phosphatase-labelled streptavidin 
(AP-SA) through biotinylation, following hybridization with the com-
plementary probes on the electrode’s surface. The biotinylated targets 
acted as a substrate for the enzymatic reaction with AP-SA (Scheme 
3-A). The reactions generate an electrochemical signal (Table 2, Scheme 
3-A’ and 3-A’’), which passes through the probe to the electrode, 
ensuring selectivity against mismatches (Scheme 3-A’’’). Both platforms 
exhibited low picomolar detection limits of 6 pM and 2.5 pM, respec-
tively (Abad-Valle et al. 2005; Martínez-Paredes et al. 2009). Despite 
requiring an additional modification step for the target, by employing 
the unconventional gold electrodes smaller sample volumes could be 
used. These platforms evidently address a key concern of traditional 
nucleic-acid detection assays while reducing the overall cost and 
achieving low detection limits comparable to PCR-based tests. Día-
z-González et al. also suggested the use of an Au(I) complex, sodium 

Table 1 
Comparison of electrochemical and conventional pathogen detection platforms.  

Platforms Laboratory or POC Average turnaround time Analyte Advantages Limitations 

RT-PCR Laboratory 
(Abduljalil 2020;  
D’Cruz et al. 2020;  
Merckx et al. 2017;  
Younes et al. 2020) 

~2–4 hoursa 

(Lim and Bonanni 2020; Santiago 
2020; Younes et al. 2020) 

Nucleic Acids 
Corman et al. (2020b)  

• High sensitivity (Corman et al. 
2020b; Younes et al. 2020)  

• High specificity (Kovács et al. 
2020; Younes et al. 2020)  

• Useful in early infection 
(D’Cruz et al. 2020; Younes 
et al. 2020)  

• Useful in determining viral 
load (D’Cruz et al. 2020)  

• Required centralized 
laboratory procedures 
(Abduljalil 2020; D’Cruz 
et al. 2020; Merckx et al. 
2017). 

ELISA Laboratory 
Younes et al. (2020) 

~1–5 hours 
(Carter et al. 2020; Lim and 
Bonanni 2020; Younes et al. 2020)  

• Antigen  
• Antibodies 
Younes et al. (2020)  

• Useful for defining the 
immune response  

• Useful for sero-surveillance 
(Pallett et al. 2020; Younes 
et al. 2020)  

• Low specificity  
• High risk of cross- 

reactivity  
• Alone not applicable for 

diagnostics (Pallett et al. 
2020; Younes et al. 2020) 

LFAs POC 
Koczula and Gallotta 
(2016) 

15–30 min 
(Carter et al. 2020; D’Cruz et al. 
2020; Santiago 2020) 

Any analyte depending on 
the recognition element 
van Amerongen et al. 
(2018)  

• Rapid (Koczula and Gallotta 
2016)  

• User friendly  
• Low cost (Koczula and 

Gallotta 2016)  
• Portable (Koczula and 

Gallotta 2016)  
• Useful for defining the 

immune response (Koczula 
and Gallotta 2016)  

• Useful for serosurveillance 
(Koczula and Gallotta 2016; 
Pallett et al. 2020; Younes 
et al. 2020)  

• Alone not applicable for 
diagnostic (Koczula and 
Gallotta 2016)  

• Low sensitivity (Koczula 
and Gallotta 2016; 
Santiago 2020) 

Electrochemical 
Platforms 

POC (Lim and 
Bonanni 2020;  
Schmitz and Tang 
2018) 

5 min–1 h (Abad-Valle et al. 2005;  
Afsahi et al. 2018; Layqah and 
Eissa 2019; Mahshid and Dabdoub 
2020; Seo et al. 2020; Zari et al. 
2007; Zhen et al. 2020) 

Any analyte depending on 
the recognition element ( 
Cesewski and Johnson 
2020; Turner 2013)  

• Rapid (Cesewski and Johnson 
2020; Lim and Bonanni 2020)  

• High specificity (Bhalla et al. 
2020).  

• Capable of achieving highly 
sensitive results (Bhalla et al. 
2020; Cesewski and Johnson 
2020)  

• Few complex reagents, 
procedures, or sample 
preparation (Bhalla et al. 
2020; Lim and Bonanni 2020)  

• Risk of low sensitivity 
(Lee et al. 2018)  

a Improved assays have achieved results in less than 1 h. 
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aurothiomalate, to label the same 30-base-pair target. The labelled 
target would then hybridize with probes electrostatically immobilized 
on the polylysine-modified electrode surface (Scheme 3-B). Through this 
platform, hydrogen evolution, catalyzed by the gold label, causes a 
current proportional to probe hybridization (a signal-on assay, Scheme 
3-B’), with selectivity against a three-base mismatch. This sensor was 
compared to a similar one with an alkaline phosphatase-label and dis-
played a higher limit of detection, 0.5 nM to the 8 pM of the alternative 
label. Despite its higher detection limit, the sodium 
aurothiomalate-labelled biosensor boasted a significant reduction in the 
analysis time, approximately half of the time required by the alkaline 
phosphate labelled sensor (Díaz-González et al. 2008). This study raises 
the question of property priority; is it permissible, in certain circum-
stances, to have reduced sensitivity in favour of low analysis time? 

In another attempt, Malecka et al. (2016) and Chung et al. (2011) 
developed label-free genosensor platforms to detect different strains of 
the Influenza virus by directly targeting the nucleic acid sequences of the 

virus without any modifications to the target. Malecka et al. (2016) 
designed and compared two platforms, one on gold disc electrodes and 
another on gold screen-printed electrodes; both platforms were immo-
bilized with the same manner using a thiol-gold binding approach 
(Scheme 3-C). Chung et al. (2011) prepared an avidin-modified glassy 
carbon electrode functionalized with biotinylated DNA probes using an 
avidin-biotin immobilization approach (Scheme 3-D). For all of these 
platforms, the electrochemical signal was generated by the redox-active 
marker [Fe(CN)6]3-/4-, which was added to the testing solution to 
distinguish the lower current signal with the target DNA or RNA hy-
bridization from the higher current signal without (Table 2, Scheme 
3-C’, 3-D’ and 3-D’’). In the case of gold-based electrodes designed by 
Malecka et al., the RNA transcripts could be specifically detectable at the 
minimum concentration of 1 pM without the need for further amplifi-
cation (Scheme 3-C’’). However, the refolding of the RNA transcripts 
could negatively impact the accuracy of the sensor (Malecka et al. 2016). 
Using avidin/biotin-modified glassy carbon electrode, a lower limit of 
detection of 85.1 fM (8.51 × 10-14 M) was achieved by Chung et al. 
(Scheme 3-D’’) (Chung et al. 2011). Conclusively, these platforms offer 
more straightforward approaches compared to the previous ones dis-
cussed due to the absence of a target modification step and the label-free 
nature of their signaling mechanism (i.e. using redox-active marker [Fe 
(CN)6]3-/4- instead). 

Ju et al. (2003) also proposed a label-free biosensor with the hy-
bridization approach for the detection of hepatitis B virus (HBV) DNA as 
the product of PCR. They covalently immobilized the single-stranded 
HBV-DNA fragments on the surface of a gold electrode modified with 
a thioglycolic acid monolayer (Pividori et al. 2000). The detection was 
performed through hybridization of the target DNA to the complemen-
tary sequence, where di(2,2′-bipyridine)osmium (III) ([Os(bpy)2Cl2]+) 
acted as the electroactive marker, similar to the [Fe(CN)6]3-/4- marker 
(Table 2, Scheme 3-E and 3-E’). The resultant sensor demonstrated a 
higher signal in the presence of the hybridization process (Scheme 3-E’). 
In this case, a sensitivity of 5 × 103 HBV copies, equivalent to 8.3 × 10-21 

moles of original genomic fragments, was achieved. Jampasa et al. 
(2014) developed another type of label-free genosensor capable of 
detecting the human papillomavirus (HPV) using the redox label 
anthraquinone (AQ) attached to the free end of the probes immobilized 
to the surface. The probes were made of 14-mer pyrrolidinyl PNA 
(peptide nucleic acid) constructs (Püschl et al. 2000). Through the 
cross-linking of amino groups, these constructs were covalently immo-
bilized on the screen-printed carbon electrodes modified with chitosan 
(CHT). Once hybridized to the complementary 14-nucleotide targeted 
region of the HPV specific gene, the electrochemical signal of AQ 
decreased as the result of the increased rigidity of the duplexes on the 
surface compared to single-strand probes, which limits the electron 
transfer between the redox moiety and electrode surface (Table 2, 
Scheme 3-F, 3-F’ and 3-F’’). The resultant genosensor achieved a linear 
range of 0.02 to 12.0 μM and a limit of detection of 4 nM (Scheme 3-F’’). 
The main advantage of Jampasa et al.‘s method is the use of pyrrolidinyl 
PNA probes, which possess the pseudo-peptide backbone and boast an 
improved binding affinity to DNA and RNA in comparison to DNA or 
PNA (Nielsen et al. 1994) probes, ensuring the elevated sensitivity of the 
platform. 

Commercially available electrochemical genosensors are primarily a 
combination of PCR with microfluidic systems, such as the ePlex plat-
form by GenMark Diagnostics. ePlex is capable of detecting a variety of 
respiratory pathogens, including human coronavirus, in a multiplexing 
fashion in one single-test. This platform features sample dispensing, 
nucleic acid extraction, amplification, and detection steps with an 
automated fluidic transport system. During the PCR assay, target single- 
stranded amplicons are generated. These amplicons are partially hy-
bridized to ferrocene-conjugated signal probes and partially to their 
complementary capture probes, previously immobilized to the gold 
electrode surface. As a result of hybridization, the ferrocene redox 
moiety generates a signal when subjected to a potential and in contact 

Scheme 2. Electrochemical biosensors can potentially assess various human 
specimens including finger-prick blood, nasopharyngeal, and saliva samples, for 
target analytes. The platforms possess (1) a readout device (2) a biosensing chip 
with sample delivery system and electronic leads to transfer the response of the 
electrodes to the readout device, (3) electrodes with the corresponding recog-
nition elements of complementary oligonucleotides, antibodies, antigens to 
detect the target oligonucleotides, antigens, and antibodies, respectively, with a 
quantifiable current response proportional to the analyte concentration. 
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with the electrode surface. The platform possesses multiple gold elec-
trodes immobilized with various capture probes, each complementary to 
the amplicon of a specific pathogen, allowing a single sample to be 
tested for multiple pathogens in parallel (Schmitz and Tang 2018). 

Most recently, the electrochemical detection of SARS-CoV-2 genetic 
materials using smartphone as a portable signal transducer has been 
reported. 

4. Antibody and antigen detection for coronaviruses 

In addition to the genetic material, viral proteins and antibodies can 
serve as disease-specific biomarkers. The recognition strategies for the 
detection of these molecules are far more diverse than for the DNA/RNA 
molecules. They include not only nucleic acid-based recognition probes, 
such as aptamer-binding proteins, but also antibodies, proteins, and 
their peptide-derivatives. In this case, the target protein binding affinity 
and the specificity of the reaction are the main focuses when dealing 
with target detection in complex media (Chambers et al. 2008; Lin et al. 
2016; Mahshid et al. 2019). Similar to genosensors, these sensors use an 
electrical signal transducer to quantify a concentration-proportional 
change induced by a chemical reaction, specifically an immunochem-
ical reaction (Cristea et al. 2015). 

4.1. Virus detection using antibodies 

The direct detection of pathogens through electrochemical bio-
sensing using viral antibodies as the recognition element is a potential 
candidate to address the challenges of current methods. As with nucleic- 
acid based sensors, such platforms must achieve sensitivities comparable 
to RT-PCR assays. Indeed, the detection platforms for viruses such as 
influenza A virus (IAV), as a well-studied pathogen with established 
sensing techniques (Hassen et al. 2011; Tepeli and Ülkü 2018), can serve 
as practical models for the detection of SARS-CoV-2. 

Hassen et al. (2011) have developed an electrochemical impedance 
spectroscopy (EIS)-based sensor, which consists of gold electrodes 
immobilized with an IAV antibody-neutravidin-thiol complex for 

label-free detection of IAV (H3N2). The attachment of the target virus to 
the surface-immobilized antibodies results in a quantifiable increase in 
the electrical impedance measured on the electrode surface (Table 2 and 
Scheme 4-A). The sensor was capable of detecting IAV in PBS (phos-
phate-buffered saline) at low concentrations, down to 8 ng/mL, despite 
the presence of interfering species (Scheme 4-A’ and 4-A’’). However, as 
the detection method relies on small changes in the electrical resistivity 
of the surface monolayer, the ability to sensitively detect analytes in 
undiluted media becomes challenging for this technique. 

Three subtypes of IAV, H1N1, H5N1, and H7N9, were chosen as the 
target for a multi-virus microfluidic-based electrochemical immuno-
sensor, developed by Han et al. (2016). The device was designed with 
one inlet and three outlets, each outlet channel containing a sensor re-
gion with different virus-specific capture-antibodies. ZnO nanorods 
were grown in the sensor regions of the PDMS-microfluidic device 
hanging over the electrodes and were electrostatically immobilized with 
capture antibodies. To electrochemically detect the three virus subtypes, 
they used a modified sandwich ELISA assay with the detection anti-
bodies conjugated to horseradish peroxidase (HRP). When the detection 
antibodies bind to target viruses on the sensor regions, the applied po-
tential causes HRP to generate electrons through the oxidation of 3,3’,5, 
5’-tetramethylbenzidine in solution (Scheme 4-B). The resultant current 
was recorded by the amperometric measurements with a limit of 
detection of 1 pg/mL for all analytes (Table 2, Scheme 4-B’and 4-B’’). 

Singh et al. (2017) also established an immunosensor combining 
electrochemical and microfluidic techniques and by taking advantage of 
the improved conductivity and favourable structure of a reduced gra-
phene (rGO) coated electrode. H1N1 specific monoclonal antibodies 
were immobilized on the rGO surface through the direct interaction of 
antibody amino groups and carboxyl groups of the graphene. The 
response of virus detection was recorded through amperometric mea-
surements using the [Fe(CN)6]3-/4- solution (Table 2, Scheme 4-C and 
4-C’). The resultant device demonstrated highly specific and selective 
detection of influenza virus H1N1, with a limit of detection of 0.5 
PFU/mL (Scheme 4-C’’ and 4-C’’’). 

Layqah and Eissa (2019) developed an electrochemical 

Table 2 
Classification of electrochemical biosensors studied in this review: SWV: square wave voltammetry; CV: cyclic voltammetry; EIS: electrical impedance spectroscopy; 
CA: chronoamperometry; IV: Influenza virus.   

Authors Target Signal 
Output 

Recognition Element Limit of Detection 
(LOD) 

Linear Range 

Nucleic Acid 
Detection 

Abad-Valle et al. (2005) SARS-CoV (30-bp of 
genome) 

SWV 
signal-on 

Thiol-modified target complementary 
DNA probe 

6 pM 0.102–5.10 nM 

(Martínez-Paredes et al. 
2009) 

SARS-CoV (30-bp of 
genome) 

CV signal- 
on 

Alkaline phosphatase labelled target 
complementary DNA probe 

2.5 pM (2.5 pmol/L) 2.5–50 pmol/L 

Díaz-González et al. 
(2008) 

SARS-CoV (30-bp of 
genome) 

CA signal- 
on 

complementary DNA probe 
(electrostatic immobilization) 

0.5 nM 20–200 pM 

Malecka et al. (2016) Avian IV H5N1 SWV 
signal-off 

Thiolated ssDNA probe 1 pM Not Reported 

Chung et al. (2011) Type A IV CV signal- 
off 

Biotinylated Complementary DNA 
probe 

(85.1 fM) 8.51 × 10- 

14 M 
1 × 10-13 - 
1 × 10-10 M 

Ju et al. (2003) HBV CV signal- 
on 

HBV complementary ss-DNA 
fragments 

10-21 mole of the 
original fragment 

Not Reported 

Jampasa et al. (2014) HPV SWV 
signal-off 

Anthraquinone-labelled pyrrolidinyl 
peptide nucleic acid probe 

4 nM 0.02–12 μM 

Viral Antigen 
Detection 

Hassen et al. (2011) Type A IV EIS signal- 
on 

Polyclonal antibodies 8 ng/mL 0–64 ng/mL 

Han et al. (2016) H1N1, H5N1, H7N9 
IV 

CA signal- 
on 

Target specific capture antibodies 1 pg/mL 1–10 ng/mL 

Singh et al. (2017) H1N1 IV CA signal- 
on 

Target specific capture antibodies 0.5 PFU/mL 1 - 1 × 104 PFU/mL 

Layqah and Eissa 
(2019) 

MERS-CoV and 
H–CoV 

SWV 
signal-on 

MERS-CoV specific and human 
coronavirus antibodies 

0.4 pg/mL and 1.0 
pg/mL 

10-3 – 102 ng/mL and 
10-2 – 104 ng/mL 

Seo et al. (2020) SARS-CoV-2 FET SARS-CoV-2 spike antibody 1 fg/mL and 1.6 ×
101 PFU/mL 

1.6 × 101 -1.6 × 104 

PFU/mL 
Antibody 

Detection 
Jarocka et al. (2014) Anti-hemagglutinin 

antibodies 
EIS signal- 
on 

His-tagged hemagglutinin and anti- 
his antibodies 

2.1 pg/mL 4–20 pg/mL 

Mikuła et al. (2018) Anti-hemagglutinin 
antibodies 

SWV 
signal-off 

Recombinant his-tagged 
hemagglutinin 

Not Reported Not Reported  
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competition-based immunosensor for MERS-CoV on a gold 
nanoparticle-modified electrode with recombinant spike protein S1 
immobilized on the surface. The prepared electrodes were incubated in a 
solution of human coronavirus antibodies and different dilutions of free 
MERS-CoV. The target virus detection is based on the competition for 
available antibodies between the free MERS-CoV and the immobilized 
S1 protein, in which the signal is measured using the [Fe(CN)6]3-/4- 

redox-active marker in the testing solution (when surface is covered 
with the antibody the access of redox marker is reduced resulting in 
decrease in the current) (Table 2, Scheme 4-D and 4-D’). A similar 
platform was also developed for targeting the human coronavirus, HCoV 
(Scheme 4-D’’ and 4-D’’’). This platform, together with the two above 
electrochemical immunosensors, confer the specificities required to 
operate in undiluted samples. The high specificities are due to their 
antibody-recognition strategies, as well as the choice of signal trans-
duction mechanisms, such as CA, CV, and SWV. 

To detect the SARS-CoV-2 virus using antibodies, Seo et al. (2020) 
developed an immunosensor with a field-effect transistor (FET) as the 
signal transducer using graphene sheets immobilized with antibodies 
against spike proteins. The immobilization was done by coupling the 
antibodies with 1-pyrenebutyric acid N-hydroxysuccinimide on the 
graphene sheet. The combination of the selectivity of antibodies and the 
ultrasensitive FET-based detection platform yielded a simple and highly 

responsive SARS-CoV-2 biosensor. The sensor achieved a limit of 
detection of 1 fg/mL and 100 fg/ml against SARS-CoV-2 spike proteins 
in PBS and clinical transport media, respectively. The response of such a 
device was also recorded in culture medium with a detection limit of 16 
PFU/mL, as well as in clinical samples with a minimum of 242 
copies/mL without any preprocessing or preparation. 

4.2. Antibody detection using antigens/proteins 

Serological testing works through the detection of antibodies in 
bodily fluids, namely blood, and through a larger diagnostic window can 
be used to detect past and present infections, even in asymptomatic 
individuals (Meyer et al. 2014). The ability to detect antibodies against 
viruses in asymptomatic and recovered individuals is crucial for accu-
rate epidemiology, understanding herd immunity, and determining 
transmission trends and prevalence (Hoffman et al. 2020). Serological 
testing was used during the original SARS outbreak, the MERS epidemic, 
and is currently being studied for the SARS-CoV-2 pandemic. The two 
globulin proteins involved in the immune response to these viruses are 
the IgM and IgG antibodies. Following SARS infection, the IgM antibody 
can be detected within 3-6 days, and the IgG antibody can be detected in 
patients’ blood after 8 days (Li et al. 2020b). Earlier studies on elec-
trochemical detection of similar viruses demonstrated the use of viral 

Scheme 3. Brief illustration of the electrochemical biosensing platforms through the assay format and electrochemical responses for the detection of RNA/DNA. 
Panels A to F represent the assay formats for various platforms discussed in this study; A’ to F’ and A’’ show the type of electrochemical responses and how it varies 
with target concentration ((a) and (b) represents either with target (+target) or without target (–target)); A′′′, C’’, D’’ and F’’ are shown in their original scale 
representing the details on calibration curves and selectivity responses. 
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proteins, including the spike surface glycoprotein (S) and nucleocapsid 
protein (N), as recognition elements to the viral antibodies. 

Jarocka et al. (2014) developed an EIS-based platform to optimize 
the sensitivity of existing sensors for the detection of anti-hemagglutinin 
antibodies, a frequently targeted antibody for influenza viruses. A glassy 
carbon electrode was modified with carboxylic groups and covalently 
immobilized with protein A. Subsequently, by interacting with the 
bonded protein A, anti-His IgG monoclonal antibodies were immobilized 
on the electrode and free to bind recombinant His-tagged hemaggluti-
nin, as the recognition complex (Scheme 4-E and 4-E’). In the presence 
of the redox marker, [Fe(CN)6]3-/4-, the recognition complex combined 
with the target anti-hemagglutinin antibodies produces an increase in 

the electron transfer resistance that is not affected by the interference of 
the control antibody, resulting in a limit of detection of 2.1 pg/mL 
(Table 2, and Scheme 4-E’’) The applicability of this biosensor was 
verified using dilutions of vaccinated hen sera in the concentration 
range of 7 × 103 to 7 × 107, which showed almost 104 times more 
sensitivity compared to ELISA. The same research group later developed 
a similar platform for the detection of anti-hemagglutinin antibodies 
against swine originated H1N1. They used the same His-tagged hem-
agglutinin (His6-H5 HA) as the recognition element, which was cova-
lently attached to a 4-mercaptobutanol-modified gold electrode. The 
recognition element was immobilized in an oriented fashion using 
dipyrromethene (DPM)-Cu (II) complex as a histidine tag 

Scheme 4. Brief illustration of the electrochemical biosensing platforms the assay format and electrochemical responses for the detection antibody and antigen. 
Panels A to E represent the assay formats for various platforms discussed in this study; A’ to E’ show the type of electrochemical responses and how it varies with 
target concentration ((a) and (b) represents either with target (+target) or without target (–target)); A’’, B’’, C’’, C′′′, D’’, D′′′, and E’’ are shown in their original scale 
representing the details on calibration curves, multiplexing, and selectivity responses. 
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surface-receptor. The DPM-Cu (II) complex also served as the electro-
active marker, relying on the Cu(II)/Cu(I) redox current to generate a 
response measured through square wave voltammetry (Table 2). This 
sensor was assessed using vaccinated mice sera samples at various di-
lutions. Antibodies were detected at sera dilutions from 1 × 108 to 1 ×
109 fold, which is approximately 107 times more sensitive than standard 
ELISA tests (Mikuła et al. 2018). Despite the high sensitivities, the suc-
cess of these tests is based on the immune response to the virus, not the 
virus itself. As a result, these tests would largely serve a supplemental 
role in diagnostics (Kasetsirikul et al. 2020). 

The current platforms for serological testing of SARS-CoV-2 have 
illustrated the use of conventional ELISA (Amanat et al. 2020; Freeman 
et al. 2020; Yan et al. 2020; Zhang et al. 2020), lateral flow immuno-
assay (LFA) (Cassaniti et al. 2020; Hoffman et al. 2020), or (electro) 
chemiluminescent immunoassay techniques (Hörber et al. 2020). These 
platforms use either the S- or N- proteins as recognition elements of viral 
antibodies. For instance, Li et al. (2020b) presented an LFA platform 
with gold nanoparticles and recombinant S-proteins to detect both 
anti-SARS-CoV-2-IgM and anti-SARS-CoV-2-IgG with a sensitivity of 
88.66% and a specificity of 90.63%. 

As with nucleic acid detection (ePlex platform by GenMark Di-
agnostics), an electrochemiluminescence-based sensor was developed 
and commercialized by Roche diagnostics to detect SARS-CoV-2 anti-
bodies (Hörber et al. 2020). The Roche diagnostic platform involves 
streptavidin-biotin complexes with ruthenium electro-
chemiluminescence, where biotinylated antibodies, ruthenium labelled 
antibodies, and streptavidin particles combine with the sample to form a 
complex (Gassner and Jung 2014). When subjected to an electrical po-
tential, this complex becomes excited and emits light (Sano and Tatsumi 
1996). Compared with ELISA and chemiluminescence assays, the Roche 
platform shows similar and promising specificity, albeit with a slightly 
lower sensitivity (Hörber et al. 2020). 

However, currently, none of these platforms have employed the use 
of electrochemical biosensors with electrochemical readout strategies 
for the detection of SARS-CoV-2 antibodies. 

5. Closing remarks 

Throughout the COVID-19 pandemic, the role of testing and the 
degree of implementation has been widely debated. Early and wide-
spread testing for SARS-CoV-2 has proven to reduce mortality rates and 
improve contact tracing. However, the value of testing is directly linked 
to the availability and accuracy of diagnostic tests. As concerns grow 
regarding the application of RT-PCR and ELISA-based testing, particu-
larly the complexity of the assays during inventory shortages, the 
development of easy-to-use alternative platforms is encouraged with 
specific attention paid to sensitivity and simplicity. 

Electrochemical-based sensors remediate the majority of the above-
mentioned concerns while maintaining the required sensitivity for 
diagnostic tests. Primarily defined by the signal transduction methods, a 
diverse range of analytes can be detected with high effectiveness, 
depending on the associated biorecognition element. The broad vari-
ability of electrochemical-based devices is useful in pathogen di-
agnostics, as different analytes appear at different times throughout the 
progress of an infection. Advances in electrochemical detection of viral 
nucleic acids have demonstrated high sensitivities and low detection 
limits for various viruses. Exploring different electrode materials and 
redox markers allows for improved sensor properties, often reaching and 
surpassing the effectiveness of RT-PCR-based assays while simulta-
neously rectifying broader issues, such as long analysis time and high 
costs. The detection of SARS-CoV-2 antigens over nucleic acids has the 
advantages of an earlier detection window and more straightforward 
sample preparation, often at the expense of sensitivity. Using electro-
chemical concepts and microfluidic devices combines the portability 
with sensitivity and selectivity of the detection of pathogenic antigens at 
the laboratory-levels in real-life samples. Serological testing is vital for a 

complete understanding of the epidemiology of a pandemic and the 
response of the immune system to a pathogen. Electrochemical sensors 
used for the detection of antibodies have demonstrated trail-blazing 
sensitivities, outmatching ELISA-based assays dramatically. In addition 
to detecting pathogens in real-life samples, immunosensors were shown 
to be capable of distinguishing coronaviruses similar to SARS-CoV-2, 
proposing an apparent alternative to traditional ELISA assays. 

Despite the promising results, the majority of studies explored in this 
perspective were focused on the detection of viruses analogous to SARS- 
CoV-2. As a result, further work must be done to determine the efficiency 
of electrochemical platforms for the detection of SARS-CoV-2, in 
particular. Additionally, the diversity of analytes, pathogens, and 
detection mechanisms studied makes it challenging to compare the re-
sults within the field of electrochemical sensing directly and between 
novel and traditional diagnostic methods. The continual efflux of studies 
and an ever-growing understanding of the pandemic must be monitored 
and applied to existing electrochemical concepts to develop and 
commercialize alternative electrochemical-based SARS-CoV-2 diag-
nostic tests. 
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Cristea, C., Florea, A., Tertiș, M., Săndulescu, R., 2015. Immunosensors. Biosensors-Micro 
and Nanoscale Applications. IntechOpen. 

D’Cruz, R.J., Currier, A.W., Sampson, V.B., 2020. Laboratory testing methods for novel 
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2). Front. Cell. Dev. 
Biol. 8. 

daSilva, E.T.S.G., Souto, D.E.P., Barragan, J.T.C., Giarola, J.de F., deMoraes, A.C.M., 
Kubota, L.T., 2017. Electrochemical biosensors in point-of-care devices: recent 
advances and future trends. ChemElectroChem 4 (4), 778–794. 
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Electrochemical detection of plant virus using gold nanoparticle-modified 
electrodes. Anal. Chim. Acta 1046, 123–131. 

Koczula, K.M., Gallotta, A., 2016. Lateral flow assays. Essays Biochem. 60 (1), 111–120. 
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