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A B S T R A C T   

Infectious diseases caused by viruses can elevate up to undesired pandemic conditions affecting the global 
population and normal life function. These in turn impact the established world economy, create jobless situa-
tions, physical, mental, emotional stress, and challenge the human survival. Therefore, timely detection, treat-
ment, isolation and prevention of spreading the pandemic infectious diseases not beyond the originated town is 
critical to avoid global impairment of life (e.g., Corona virus disease - 2019, COVID-19). The objective of this 
review article is to emphasize the recent advancements in the electrochemical diagnostics of twelve life- 
threatening viruses namely - COVID-19, Middle east respiratory syndrome (MERS), Severe acute respiratory 
syndrome (SARS), Influenza, Hepatitis, Human immunodeficiency virus (HIV), Human papilloma virus (HPV), 
Zika virus, Herpes simplex virus, Chikungunya, Dengue, and Rotavirus. This review describes the design, prin-
ciple, underlying rationale, receptor, and mechanistic aspects of sensor systems reported for such viruses. 
Electrochemical sensor systems which comprised either antibody or aptamers or direct/mediated electron 
transfer in the recognition matrix were explicitly segregated into separate sub-sections for critical comparison. 
This review emphasizes the current challenges involved in translating laboratory research to real-world device 
applications, future prospects and commercialization aspects of electrochemical diagnostic devices for virus 
detection. The background and overall progress provided in this review are expected to be insightful to the 
researchers in sensor field and facilitate the design and fabrication of electrochemical sensors for life-threatening 
viruses with broader applicability to any desired pathogens.   

1. Introduction 

Viruses are the smallest transmittable agents which cause numerous 
diseases such as Chikungunya, Chickenpox, Dengue, Ebola, Flu, Hepa-
titis, Influenza, Middle east respiratory syndrome (MERS), Severe acute 
respiratory syndrome (SARS), and many more (Shah and Wilkins, 2003). 
A transferable viral particle typically comprises nucleic acids in the core 

and proteins in the outer shell. Most of the reported viruses have either 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) inherent mate-
rial to encode proteins (Diemer and Stedman, 2012). These viruses are 
proficient of fast dispersal and therefore form enduring threats to the 
worldwide public health. Viruses employ different machineries to enter 
host cells that depend on their metabolism for self-replication (Tram 
et al., 2016). The capability of viruses to transmute speedily along with a 
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complicated interchange amid diverse aspects like universal movement 
of animals/human, geographical changes, and environmental variations 
contribute to the development of frequent transferable diseases (Kaushik 
et al., 2017). Hence, fronting the encounters and menacing penalties 
instigated by the spread of transferable diseases, a precise, high 
throughput virus scrutiny and analysis to accomplish operative disease 
regulator have become the key apprehensions of people (Campuzano 
et al., 2017). 

A very recent example of viral spread is the pandemic of Corona 
Virus Disease-19 (COVID-19) all over the world within a short duration 
of 3–4 months which harmed millions of lives (Singhal, 2020). Pandemic 
refers to the occurrence of a new disease over a wide geographic area 
and affecting an exceptionally high proportion of the population. A 
pandemic is basically a global epidemic that spreads to more than one 
continent and affects millions of people (Spinelli and Pellino, 2020). 
Other recent outbreaks that occurred in the last decade include influenza 
A (H1N1 subtype) in 2009 and Ebola in 2014 (Muyembe-Tamfum et al., 
2012). In the past century, there were some other notable viral pan-
demics recorded which caused deaths of millions of people worldwide 
including - flu pandemic (H1N1 virus) in 1918, flu (H2N2 virus) in 1957, 
swine flu (H1N1 pdm09 virus) in 2009, MERS-Cov in 2012–13, Ebola 
during 2014–2016 and the ongoing COVID-19 from December 2019 
(Ahmed et al., 2007; Glinsky, 2010; Song et al., 2012). 

Classical viral diagnostic approaches comprise viral separation, 
immunofluorescence based on microscopy, enzyme-based antibody 
assay and polymerase chain reaction (PCR) based qualitative assay 
which is becoming superseded for repetitive clinical testing (Faria and 
Zucolotto, 2019). These techniques require extremely long turnaround 
time ranging from 2 to 14 days, which is unable to combat for virus that 
spreads rapidly. The existing diagnostic tests are not only taking longer 
time but also expensive. Therefore, fast, reliable and reproducible 
analytical methods are required as the need of the hour by which one 
can be able to identify such causative agents in various matrices (Faria 
and Zucolotto, 2019). Biosensors are one of the significant analytical 
devices emerged as an alternative to the conventional cellular and 
heavily biological assays using tissues, cells, and invasive approaches on 
organs for viral detection. 

Among several types of biosensors, electrochemical biosensors have 
been operated for several years in diverse fields (Goud et al., 2018; 
Reddy et al., 2020). Such biosensors analyze any variations in dielectric 
properties, and charge distribution though the interaction between an-
alyte and biorecognition element on the electrode surface. Electro-
chemical biosensors are categorized into amperometric (Diba et al., 
2015), potentiometric (Wang et al., 2010), voltammetric (Caygill et al., 
2010) and impedimetric (Simão et al., 2020) based on the method of 
transduction. These electrochemical biosensors have been utilized to 
analyze several biological agents such as proteins, nucleic acid, disease 
biomarkers (Premaratne et al., 2017; Reddy et al., 2020) and several 
others (Goud et al., 2017; GOUD et al., 2016; K. Yugender Goud et al., 
2019; Kotagiri Yugender Goud et al., 2019; Satyanarayana et al., 2019; 
Yugender Goud et al., 2016). Electrochemical biosensors are claimed to 
be highly sensitive types of transducers by offering ultra-low-level 
sensitivity up to parts per trillion level or sub-pico/femto molar range 
with linear output, low power requirements and good resolution (Nir-
oula et al., 2016; Premaratne et al., 2018; Rasouli et al., 2018; Singh and 
Krishnan, 2014) Additionally, they provide an excellent repeatability, 
accuracy and ability to be miniaturized as a very tiny device form (Kim 
et al., 2018). These electrochemical sensors can be used and deployed as 
a point of care (POC) and point of need detection devices (Jayant et al., 
2015). Such POC testing empowers medical staff to make quick triage 
and handling verdicts when analyzing patient’s treatment response 
(Gattani et al., 2019; Khan et al., 2020). 

It is highly necessitated to have an overview of the latest innovative 
approaches and understand the challenges involved in the electro-
chemical diagnostics of infectious viral diseases. Such awareness will 
significantly help the researchers to come up with the best suitable 

biorecognition elements which successfully address the challenges 
involved while using electrochemical transducers. 

1.1. Human viral infectious diseases 

The current section provides brief information on each individual 
virus, core components of the molecular structure, disease symptoms of 
the virus, and adverse effects of infection caused to the global 
community. 

Corona viruses are a large class of viruses that are common in 
people (Masters, 2006). First Corona virus disease – 2019 (COVID-19) or 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) case 
was reported in December 2019 (Guo et al., 2020). The World Health 
Organization has announced the COVID-19 outbreak as pandemic dis-
ease on March 11, 2020 (Cucinotta and Vanelli, 2020). SARS is a species 
of coronavirus that infects humans, bats and certain other mammals that 
started in 2002 (Pang, 2003). It is an enveloped positive-sense single--
stranded RNA virus that enters its host cell by binding to the 
angiotensin-converting enzyme 2 receptors (SATIJA and LAL, 2007). 
MERS caused by species of corona virus, appeared in 2012 in Saudi 
Arabia. Humans, bats and camels were infected by MERS (Reusken et al., 
2013). The molecular structure of MERS virus is an enveloped, 
positive-sense, single-stranded RNA which penetrates the cell by 
attaching to the dipeptidyl peptidase 4 (DPP4) receptor. Influenza is a 
virus that infects the respiratory system in nose, throat and lungs 
(Munster et al., 2009). Usually, people infected by influenza recover on 
their own (Cao et al., 2016). Although the annual influenza vaccine isn’t 
completely percent effective, it’s still the best defense strategy against 
flu. The human immunodeficiency virus (HIV) appeared in Congo 
around 1920 through crossing species from chimpanzees to humans 
(Sharp and Hahn, 2010). Acquired immunodeficiency syndrome (AIDS) 
occur after infection that cause progressive failure of the immunity 
leading to life-threatening opportunistic infections (Monaco et al., 
2016). 

Hepatitis is an inflammation of the liver. The most cases of Hepatitis 
are due to Viral infection. The type of hepatitis is named for the caus-
ative virus; for example, hepatitis A, hepatitis B, hepatitis C, hepatitis D, 
hepatitis E (HAV, HBV, HCV, HDV, and HEV) (Shin et al., 2016). Zika 
virus is transmitted by Aedes mosquitoes, which bite during the day. In 
1952, the first human cases of Zika virus were detected and from that 
date outbreaks of Zika virus have been reported in tropical Africa, 
Southeast Asia, and the Pacific Islands. Herpes simplex virus is cate-
gorized into herpes virus 1 and human alpha herpes virus 2, that of the 
Herpesviridae family, cause viral infections to humans (Hogestyn et al., 
2018). Chikungunya is found all over the world especially in the coastal 
area of Kenya in 2004 (Mayer et al., 2017). The nucleic material is a 
small, enveloped, virus with a positive-sense RNA genome. Mosquitoes 
are responsible for the infection transmission of Dengue virus (DENV) 
(Acosta et al., 2008). DENV is a single enveloped positive-stranded RNA 
virus present in five serotypes (Martial et al., 2008). Half of the world 
population (~3 billion people) are infected by DENV. 

Rapid and selective detection of such infectious viruses is highly 
necessitated to improve the clinical diagnostics. 

1.2. Available biomarkers to detect infectious viral diseases 

Several biomarkers (RNA, DNA, glyco-proteins, peptides, antibodies, 
antigens, etc.) can be used as a target analyte molecule to detect the viral 
infectious diseases (Pashchenko et al., 2018). In particular, these bio-
markers were considered as two major categories – Antigens and Anti-
bodies. As mentioned in the introduction, most of the reported viruses 
have either RNA or DNA as the inherent material to encode proteins 
(Diemer and Stedman, 2012). Viruses contain three structural compo-
nents namely - genetic material (DNA or RNA), nucleocapsid protein 
and capsid proteins. The genetic material is primarily covered with the 
envelop proteins those are called nucleocapsid proteins, followed by the 
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covering of secondary envelop proteins i.e., capsid protein. 
Virus entry mechanism begins with the attachment to cell-surface 

receptors and ends with the delivery of the viral genome to the cell 
cytoplasm (Dimitrov, 2004). This entry mechanism occurs in two types – 
endocytic (clathrin-mediated endocytosis and penetration) and 
non-endocytic (fusion at the cell surface) routes. The whole virus com-
ponents (antigen components) – RNA or DNA, nucleo/capsid proteins 
will be readily available whenever the virus enters the host cells. White 
blood cells (B lymphocytes or B cells) secrete the antibodies in the 
human/animal body in response to the virus antigen components. 
Hence, the availability of both the antigens (RNA or DNA, nucleo/capsid 
proteins) and respective antibodies in the nearby cell atmosphere, 
makes it easier to detect by the electrochemical methods with the 
combination of appropriate bio-recognition elements (Asif et al., 2020; 
Kermali et al., 2020; Ponti et al., 2020). 

Apart from the virus detection, monitoring the severity or stage of 
the viral infection is also very important to treat the diseased person. 
Severity of the viral infection can possibly be assessed by detecting the 
other biomarker components such as C-reactive protein, interleukins, 
glutamate, breath pH, Tumor necrosis factor (TNF-α), interferons, he-
matological biomarkers, and D-dimer. All these biomarker components 
could be detectable at the bedside by the electrochemical methods with 
the help of suitable bio-recognition elements (Kotru et al., 2021; Kudr 
et al., 2021). For example, Wei Gao et al. demonstrated the multiplexed 
portable, wireless electrochemical biosensor for the rapid screening of 
COVID-19. The proposed sensor successfully detected the antigen 
nucleocapsid protein, Immunoglobulin (IgM and IgG) antibodies, as well 
as the inflammatory biomarker C-reactive protein which in turn helped 
to know the status of the disease (Torrente-Rodríguez et al., 2020). 

1.3. Comprehensive overview of the recent literature 

Various review articles have assessed the performance of sensor 
systems proposed for the detection of viruses. Some of these review 
articles have summarized the detection of viruses such as HIV (Farzin 
et al., 2020; Nawaz et al., 2020; Parolo et al., 2020a; Rodrigo et al., 
2014), HIV-1 (Lifson et al., 2016), Influenza (Krejcova et al., 2014), 
Avian Influenza (Moulick et al., 2017), Human and Animal Influenza 
(Dziąbowska et al., 2018), Hepatitis B (Yao, 2014), Noroviruses (Liu and 
Moore, 2020), bacterial, viral, and toxin bio-threats (Walper et al., 
2018), pathogens (Mokhtarzadeh et al., 2017), SARS (Halfpenny and 
Wright, 2010; Orooji et al., 2021; Tran et al., 2020), COVID-19 (Chau-
han et al., 2020; H. Chen et al., 2020; Ji et al., 2020; Jin et al., 2020; H. Li 
et al., 2020; Morales-Narváez and Dincer, 2020; Ravi et al., 2020; 
Shereen et al., 2020; Udugama et al., 2020; Wang et al., 2020; Weiss 
et al., 2020), Dengue, Zika (Khristunova et al., 2020), viruses in the 
aquatic environment (Farkas et al., 2020; Srivastava et al., 2020; Tran 
et al., 2020), viruses in the food, environmental samples (Yadav et al., 
2010), and antibody specific to the viruses (Parolo et al., 2020a; Xu 
et al., 2019). Other review articles have summarized the sensor systems 
constructed for the detection of different viruses using simple 
device-based approaches (Cheng et al., 2009), nano-electronic devices 
(Yeom, 2011), bioanalytical microsystems (Yadav et al., 2010), inte-
grated sensor systems (Dincau et al., 2017), microfluidic system (Sin 
et al., 2014), paper-based microfluidic system (Deka et al., 2020; Gong 
and Sinton, 2017), POC devices (Tram et al., 2016), lab-on-a-chip 
technologies (Zhu et al., 2020), piezoelectric, magnetostrictive (Narita 
et al., 2020), DNA microarray (Fesseha and Tilahun, 2020), and clus-
tered regulatory interspaced short palindromic repeats (CRISPR) sys-
tems (Hass et al., 2020; Kostyusheva et al., 2020; Strich and Chertow, 
2018). On the other hand, some review articles have focused on the 
recognition matrix comprising Au nanoparticles (Draz and Shafiee, 
2018; Franco et al., 2015; Halfpenny and Wright, 2010), Quantum dots 
(QD) (Halfpenny and Wright, 2010; Yeom, 2011), carbon nano-
tubes/nanowires (Yeom, 2011), Aptamers (Acquah et al., 2016; Hong 
et al., 2012; Labib and Berezovski, 2013), label-free and labeled immuno 

assays (Parolo et al., 2020b; Sin et al., 2014), molecularly imprinted 
polymers (MIP) (Cui et al., 2020; Yang et al., 2020), and other nano-
materials (Kizek et al., 2015; Mokhtarzadeh et al., 2017; Nasrollahzadeh 
et al., 2020). Some of the review articles have focused on the trans-
duction methods in virus diagnosis based on optical and/or electro-
chemical techniques (Cheng and Toh, 2013; Cui et al., 2020; 
Khristunova et al., 2020; Krejcova et al., 2014; Ozer et al., 2020; Xu 
et al., 2019; Yang et al., 2020). On the contrary, one review article has 
highlighted the applications of bacteriophages (lytic and nonlytic) of vi-
ruses in conjugation with nanomaterials (virus–nanomaterial compos-
ites) used in the analytical devices towards the detection of explosives, 
proteins, bacteria, viruses, spores, and toxins (Mao et al., 2009). 

1.4. Scope and objectives of the present Review 

The rationale behind this review is to emphasize the latest ad-
vancements in the electrochemical diagnostics of human viral infectious 
diseases. Precisely, this review provides an overview of the electro-
chemical detection of twelve life-threatening viruses namely - COVID- 
19, MERS, SARS, Influenza, Hepatitis, HIV, HPV, Zika, Herpes simplex 
virus, Chikungunya, Dengue, and Rotavirus. All the relevant electro-
chemical works are explicitly segregated into relevant sub-sections for 
understanding the core idea/principle/working mechanism behind the 
sensor fabrication. The first sub-section exclusively summarizes the 
electrochemical/other sensor systems reported for the specific detection 
of COVID-19/SARS-CoV-2 with the objective of providing a critical 
overview of the latest research trend at a single place. The remaining 
three individual sub-sections meticulously discuss the electrochemical 
sensor systems which comprised either antibody or aptamers or direct/ 
mediated electron transfer in the recognition matrix. The major chal-
lenges on translating laboratory research to real-world device applica-
tions are critically discussed. Future perspectives and commercialization 
aspects of electrochemical sensors for virus detection are also 
mentioned. The background and overall progress provided in this review 
help the researchers to come up with new innovative strategies in 
fabricating electrochemical sensor for not only such life-threatening 
viruses but also for the other pathogens/biomolecules/organisms/ther-
apeutic drugs/environmental samples and vital biomarkers. Fig. 1 con-
veys the overall summary of electrochemical sensors towards the 
detection of the above selected infectious diseases. 

2. Electrochemical diagnostics 

Electrochemical biosensors are one of the most reliable and highly 
sensitive transduction systems which provide ultra-low-level detection 
of target analyte with low power consumption (Rasouli et al., 2018). 
Moreover, they deliver an exceptional reproducibility, accuracy and 
ability to be miniaturized as a very tiny device form (Kim et al., 2018). 
These electrochemical sensors can be used and deployed as a POC and 
point of need detection devices. 

Fundamental variation among the electrochemical biosensors is the 
method of transduction - Amperometry, voltammetry, and impedance 
spectroscopy. All the electroactive molecules can be certainly recog-
nized based on their redox characteristics whereas even non-
electroactive molecules can also be monitored by impedance/ 
capacitance changes. Variations observed in the current/potential/ 
impedance values indicate the pertinent changes in chemical composi-
tion of the sensor components. Electrical signal is generated when the 
target analyte interacts with the recognition matrix (Reddy et al., 2020). 

Amperometric sensors work at a fixed redox potential and the 
magnitude of resultant current increases linearly with the concentration 
of target analyte. Most of the existing portable sensors were constructed 
using amperometry because highly sensitive and reproducible results 
can be obtained within very short time intervals. 

Cyclic voltammetry (CV) provides the preliminary redox character-
istics of the recognition elements or target analyte. Nature and 
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reversibility of the electrochemical redox reaction (perfectly reversible/ 
semi or quasi reversible/irreversible) can be easily understood from the 
cyclic voltammograms. Electrochemically active surface area of 
different materials immobilized on the electrodes can be measured to 
accurately interpret the reasons behind their improved electrochemical 
performance. CV analysis at multiple scan rates furnishes the valuable 
insights on redox reaction mechanism (diffusion or adsorption 
controlled) which in turn helps to decide the method of transduction 
depending on the anticipated application. Electrode surface is intact in 
the case of diffusion controlled redox reactions and hence the same 
sensor surface could be reused even after several scans. On the other 
hand, adsorption-controlled redox reaction leads to the deposition of 
materials on to the electrode surface which will be more appropriate for 
the applications such as removal of toxic metal ions/electrochemical 
deposition of materials (Elgrishi et al., 2018). 

Target analytes can be detected even up to picomolar or femtomolar 
concentrations with differential pulse voltammetry (DPV) and square 
wave voltammetry (SWV). The difference among CV, DPV and SWV is 
the mode of applied potential. 

Electrochemical impedance spectroscopy (EIS) determines the 
changes in capacitance/impedance of the system by imposing a sine 
wave (Amplitude 5–10 mV). Interfacial characteristics at the electrode- 
electrolyte (adsorption/desorption) can be explored with EIS. Kinetic/ 
mechanistic aspects as well as the reaction rates of the electrochemical 
redox reaction can be obtained from EIS data. Several direct/label-free 
electrochemical immunosensors were reported in the literature using 
affinity based biological recognition elements and EIS as the trans-
duction method (Reddy et al., 2020). 

The current section critically reviews the performance of different 
electrochemical sensors which comprise either antibody or aptamer or 
direct/mediated electron transfer in the recognition matrix. Electro-
chemical/analytical biosensors of COVID-19 were separately discussed 
in the initial subsection to provide the readers a better overview of the 
latest trend in the clinical diagnostics of COVID-19. Electrochemical 
biosensing systems reported for other viruses are systematically dis-
cussed in the next subsections. 

2.1. Specific detection of COVID-19/SARS-CoV-2 

This sub-section collectively describes the analytical and electro-
chemical sensor systems reported for the detection of COVID-19/SARS- 
CoV-2 virus. Biosensors constructed to selectively detect the COVID- 
19/SARS-CoV-2 virus (Cui and Zhou, 2020; Fauci et al., 2020; 

Goodnough et al., 2020; Irfan, 2020; Qiu et al., 2020; Seo et al., 2020) 
based on reverse transcription polymerase chain reaction (RT PCR) 
(Won et al., 2020), serological testing (Sethuraman et al., 2020), whole 
blood antibody (Carter et al., 2020), enzyme-linked immunosorbent 
assay (ELISA) (M. Li et al., 2020), localized surface plasmon resonance 
(LSPR) (Qiu et al., 2020), CRISPR (Broughton et al., 2020), Field-effect 
Transistor (FET) (Seo et al., 2020) and electrochemical (Fabiani et al., 
2021; González-López and Fernández Abedul, 2020; Rashed et al., 2020; 
Zhao et al., 2021) methods are critically discussed. 

Detection of COVID-19 was reported using the ELISA and Rapid 
immune-chromatographic assay (RICA) approaches with the polyclonal 
and monoclonal antibodies (pAbs and mAbs) generated from animals. 
Sandwich ELISA involved biotin-conjugated rabbit anti-COVID-19 pAbs, 
bovine serum albumin (BSA), phosphate buffer saline (PBS), Horse-
radish peroxidase (HRP)-Streptavidin and 3,3′,5,5′-tetramethylbenzi-
dine (TMB). RICA approach involved QD@SiO2 and rabbit anti-COVID- 
19 pAbs on nitrocellulose membrane. The proposed approaches were 
able to selectively detect COVID-19 as low as 100 ng mL− 1 (ELISA) and 
10 ng mL− 1 (RICA). Practical applicability was demonstrated in the bi-
opsy samples of patients (M. Li et al., 2020). 

Rapid sensor system was fabricated for the highly selective detection 
of SARS-CoV-2 using the CRISPR–Cas12 based reverse-transcription 
loop-mediated, isothermal amplification (RT-LAMP) assay (Fig. 2A). 
Spike (S), envelope (E), matrix (M), and nucleocapsid (N) proteins are 
the critical structural components of SARS-CoV-2. E and N proteins of 
SARS-CoV-2 were targeted to design the primer gRNAs. Required assay 
reaction time was 30–40 min and the method was easy-to-implement. 
The detection limit was found to be 10 copies μL− 1. Sensor perfor-
mance was validated with the clinical samples collected from the res-
piratory swab of COVID-19 infected patients in the United States 
(Broughton et al., 2020). 

Selective detection of SARS-CoV-2 was demonstrated using LSPR 
method. The sensing mechanism involved the nucleic acid hybridization 
between the target and the recognition matrix of 2D gold nanoislands 
(AuNIs) functionalized with complementary DNA receptors. Thermo-
plasmonic heat led to the improved selectivity of the sensor by elevating 
the in-situ hybridization temperature which in turn helped to specif-
ically recognize two different gene sequences. The observed detection 
limit was 0.22 pM of SARS-CoV-2 (Qiu et al., 2020). 

Immunological FET sensor system was fabricated using the antibody 
coated graphene sheets to detect the SARS-CoV-2 spike protein (Fig. 2B). 
S protein was chosen as the diagnostic antigen considering the highly 
immunogenic transmembrane characteristics and the distinguishable 

Fig. 1. Schematic representation of the role of electrochemical sensors in viral infectious diseases diagnostics.  
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amino acid sequence. Selective recognition of SARS-CoV-2 spike anti-
body was verified with ELISA prior to the FET sensor construction. 
Reliable I–V electrical signals were obtained with highly stable ohmic 
contact for the detection of SARS-CoV-2. The proposed sensor system 
was able to successfully detect the SARS- CoV-2 up to 1 fg mL− 1 in buffer 
and 100 fg mL− 1 in clinical transport medium. Limit of detection was 16 
plaque-forming unit (PFU) mL− 1 SARS-CoV-2 in culture medium 
whereas 242 copies mL− 1 in the clinical samples. Sensor performance 
was demonstrated with the nasopharyngeal swab clinical specimens of 
COVID-19 patients. Advantages of the reported FET sensor were 
instantaneous measurements using small amounts of analytes as well as 
the ability to detect the SARS-CoV-2 spike protein without involving any 
sample pretreatment or labeling (Seo et al., 2020). 

Fabiani et al., have proposed an electrochemical immunosensor for 
fast and accurate detection of coronavirus in saliva. A biosensor was 
developed to detect S protein or N protein by employing magnetic 
nanoparticles and alkaline phosphatase coupled secondary antibody as 
an immunological label (Fabiani et al., 2021). Upon biosensing of 
SARS-CoV-2 protein, the enzymatic by-product 1-naphthol was sensed 
on the carbon-based screen-printed electrode. The analytical perfor-
mance of the developed biosensor was estimated using a standard so-
lution of viral proteins (S and N) in buffer medium and extended to 
detect the same in saliva samples (Fig. 2C). The obtained detection levels 
in saliva were 19 and 8 ng mL− 1 for S and N proteins respectively. 

On the other hand, Smartphone based ultrasensitive electrochemical 
sensor was demonstrated for the detection of COVID-19 in patients 
(Zhao et al., 2021). The recognition matrix comprised of calixarene 
functionalized graphene oxide surface was used to detect RNA of 
COVID-19 by relying on a sandwich-type detection. The method is free 
from the amplification of nucleic acid and exhibited high specificity 
during actual testing of COVID patients. The detection limit of the tested 
samples was found to be 200 copies mL− 1, the lowest till date claimed by 
authors by offering a simple, low-cost and useful method. 

Electrochemical detection of SARS-CoV-2 antibodies was presented 
using an impedimetric sensing platform (Rashed et al., 2020). The 
method was based on a pre-incubation of receptor-binding domain 
(RBD) of viral spike protein in well plates and later tested with samples 
of anti- SARS-CoV-2 monoclonal antibody. Consequently, some blind 

samples were tested from a group of patients with negative and positive 
results. Antibodies against coronavirus are normally directed against 
recombinant spike protein or the minor RBD share of spike protein. The 
micro-wells were coated with antibodies which enabled rapid impedi-
metric detection of COVID traces in the collected samples of patients. 
This sensing method could able to differentiate spikes in impedimetric 
analysis from a negative control. More testings are anticipated to finalize 
detection level for this approach (Rashed et al., 2020). 

Table 1 illustrates the summary of different analytical/electro-
chemical biosensing diagnostics methods for the detection SARS-CoV-2 
virus. The limit of detections was 0.7 nM with Co–TiO2 nanotube based 
receptor by Chronoamperometry (Vadlamani et al., 2020), 0.4 pg mL− 1 

with ZnO NW μPADs by EIS (X. Li et al., 2020), 2.5 pM with the Au 
NPs/DNA/Alkaline Phosphatase by CV (Martínez-Paredes et al., 2009), 
90 fM with nCovid-19Ab/AuNPs/FTO by DPV (Mahari et al., 2020). It 
was observed that all the electrochemical transduction methods pro-
vided promising detection limits and exhibited better sensor 
performance. 

2.2. Electrochemical sensors based on direct/mediated electron transfer 

Direct electron transfer (DET) mechanism signifies that the electron 
transfer between electrode and recognition element occurs directly 
without the help of any mediator. Sensors which work on DET mecha-
nism are considered as third generation biosensors. Recently, DET based 
biosensing methods gained much attention due to the unique advan-
tages such as eliminating the leachable artificial mediators and opera-
tion in a potential window close to the redox potential of the 
biorecognition element (Teymourian et al., 2020). Some of the surface 
imprinted or MIP based electrochemical sensors also works on the DET 
principle (Bosserdt et al., 2013; Peng et al., 2016; Sharma et al., 2019). 
This sub-section presents an overview of different electrochemical ap-
proaches based on the DET in the detection of various viruses, such as 
HIV-1 (Bhimji et al., 2013; Lee et al., 2013; Shin et al., 2019), HBV 
(Asran et al., 2020), Zika (Tancharoen et al., 2019), Influenza (Fu et al., 
2014) and Dengue virus (Navakul et al., 2017). 

An electrochemical sensor was reported for the detection of HIV-1 
virus based on direct electron transfer signal. AuNPs were 

Fig. 2. Biosensors constructed for the selective detection of SARS-CoV-2 using (A) CRISPR–Cas12 based RT-LAMP assay. Reproduced with permission (Broughton 
et al., 2020). Copyright 2020, Nature. (B) FET. Reproduced with permission (Seo et al., 2020). Copyright 2020, American Chemical Society. (C) Voltammetry. 
Reproduced with permission (Fabiani et al., 2021). Copyright 2021, Elsevier. 
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electrodeposited on Indium tin oxide (ITO)|Glass to improve the elec-
tron transfer by enhanced electrochemical surface area. Later, antibody 
fragments were immobilized onto the AuNPs|ITO electrode by self- 
assembled monolayer method with Au-thiol interaction, followed by 
the HIV-1 virus-like particle were applied for the direct electron deter-
mination. HIV-1 virus particles were detected using CV as transduction 
technique and observed the response in the concentration range of 600 
fg mL− 1 - 375 pg mL− 1 (Lee et al., 2013). 

Richard G. Compton group reported an electrochemical rapid sensor 
for the detection of single influenza virus tagged with the silver nano-
particles (AgNPs). Influenza virus concentration was detected while 
exposing the virus and AgNPs on the carbon nanofiber working elec-
trode. The AgNPs naturally restrict to adsorb on the carbon nanofibers 
surface, but virus interacted AgNPs were easily adsorbed on the working 
electrode surface. These changes were recorded by running in-vitro 
stripping voltammetry technique. In the next stage, single virus detec-
tion was achieved via nano-impact technique. Here, random individual 
nanometer-sized virus collisions with the AgNPs were monitored by 
using the spikes of chronoamperogram during oxidation or reduction of 

AgNPs (Sepunaru et al., 2016). 
An electrochemical biosensor was developed for the detection of 

glycoprotein GP120, a surface protein of HIV1 by using Au/MoS2/Au 
sputtered monolayers on poly ethylene terephthalate (PET) substrate. 
Here, Au was initially sputtered on the PET substrate and followed by 
the MoS2 NPs and Au were spin-coated on the PET/Au surface. Then 
glycoprotein GP120 antibody was immobilized on Au/MoS2/Au surface 
using cysteamine intermediate layer (Fig. 3A). The GP120 glycoprotein 
and antibody interactions were measured by SWV analysis using the 
Ferry-Ferro redox couple electroactive solution and observed the limit of 
detection 0.1 pg mL− 1 (Shin et al., 2019). 

An electrochemical impedimetric biosensor was developed at an 
ultra-low ionic strength environment. Magnetic beads were first modi-
fied with aptamers sequence, which would capture the specific Avian 
influenza H5N1 virus, followed by the addition of concanavalin A, 
glucose oxidase (GOx), and AuNPs to create bio-nano composites 
(Fig. 3B). The sandwich complex facilitates glucose oxidation and results 
in high ionic strength which creates low impedance environment. The 
high susceptibility of electrochemical impedance on the ion strength 

Table 1 
Several analytical/electrochemical biosensors reported for the diagnostics of SARS-CoV-2 viruses.  

S 
NO 

Virus Recognition Matrix Method Concentration 
Range 

LOD Real Samples Ref 

1 COVID Cobalt-functionalized TiO2 

nanotubes (Co-TNTs)- 
receptor binding domain 
(RBD) 

Chronoamperometry 14–1400 nM 0.7 nM Nasal secretions 
and saliva samples 

Vadlamani et al. 
(2020) 

2 COVID A 16-well plate/receptor 
binding domain (RBD) 

EIS 0.1–10 μg mL− 1 0.1 μg 
mL− 1 

Serum Rashed et al. (2021) 

3 COVID Laser-engraved graphene/Ab Chronoamperometry 20–250 ng mL− 1  Blood saliva Torrente-Rodríguez 
et al. (2020) 

4 COVID ZnO NW μPADs EIS 10 ng mL− 1- 10 
μg mL− 1 

0.4 pg 
mL− 1 

Serum X. Li et al. (2020) 

5 Reactive 
oxygen 
species 
(ROS) 

(MWCNTs) on the tip of steel 
needles 

Voltammetry – – Sputum Miripour et al. (2020) 

6 COVID SPE/Carbon Black/magnetic 
beads/antibody/phosphatase 
as immunological label 

Voltammetry – 19 ng 
mL− 1 

Saliva Fabiani et al. (2021) 

7 COVID Au NPs/Ti Electrode Single 
strand DNA 

Electrochemical – – – Tripathy and Singh 
(2020) 

8 COVID Fluorine doped tin oxide 
electrode (FTO) (AuNPs) 
and/(nCovid-19Ab)/SPE 

DPV CovSens-Ultrasensitive In-House 
Built Printed Circuit Board 

1 fM - 1 μM 90 fM Saliva Mahari et al. (2020) 

9 COVID SARS COVID Ab/PBASE/ 
Graphene/Field Effect 
Transistor 

Chronoamperometry 1 fg mL− 1 - 10 pg 
mL− 1 

1.6 ×
101 

PFU 
mL− 1 

Nasopharyngeal 
Swab 

Seo et al. (2020) 

10 SARS Virus SPE/Au NPs/DNA/Alkaline 
Phosphatase 

Cyclic Voltammetry 5 and 100 pM 2.5 pM – Martínez-Paredes 
et al. (2009) 

11 COVID Lanthanide-doped 
polystyrene NPs/ 
nucleocapsid phosphoprotein 
of SARS-CoV-2 

Portable fluorescence reader excitation 
and emission wavelengths of 365 and 
615 nm 

– – Serum Z. Chen et al. (2020) 

12 COVID Poly (amino ester) with 
carboxyl groups (PC)-coated 
magnetic nanoparticles 
(pcMNPs) 

Viral RNA extraction method pcMNPs- 
RNA complexes extract RNA & 
introduce into RT-PCR reactions 

10 - 105 copies of 
SARS-CoV-2 

– Serum Zhao et al. (2020) 

13 COVID Kits Colloidal Gold- 
Immunochromatographic Assay Kit & 
ELISA 

– – Serum Xiang et al. (2020) 

14 COVID Receptor-binding domain 
(RBD) 

ELISA – – Serum Amanat et al. (2020) 

15 COVID (polymethyl methacrylate) 
microbeads/streptavidin/ 
biotinylated recombinant 
RBD, S1 and N 

Multiplexed flow cytometric bead 
array (C19BA) 

– – Serum Egia-Mendikute et al. 
(2020) 

16 COVID SARS-CoV-2 S1 and 
nucleocapsid (N)- subunits of 
the spike glycoprotein 

ELISA – – Serum Algaissi et al. (2020) 

17 COVID Immunosensor ELISA/Western blot 200–1600 ng 
mL− 1 

100 ng 
mL− 1  

M. Li et al. (2020)  
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endowed highly sensitive biosensor with a detection limit of 8 × 10− 4 

Hemagglutination units (HAU) in 200 μL sample (Fu et al., 2014). 
An electrochemical sensor was developed based on surface imprinted 

polymers as recognition elements for the detection of Zika virus. 
Initially, the polymer gel was prepared by using monomers acrylamide, 
methacrylic acid, methyl-methacrylate, N vinylpyrrolidone and initiator 
azobis (isobutyronitrile) and cross-linker (N,N′-(1,2-dihydroxyethylene) 
bis(acrylamide)). Resultant polymer gel was mixed with graphene oxide 
(GO) and casted on the gold electrode surface. Later Zika virus sample 
was added onto the surface of the gel and exposed it to UV light for the 
polymerization. Then, washing steps were done with acetic acid and 
distilled water to remove the bonded virus particle from the polymer 
matrix (Fig. 3C). CV analysis of Zika virus particles in the concentration 
range of 10− 3 to 102 PFU mL− 1 produced the low detection limit of 2 ×
10− 4 PFU mL− 1 (Tancharoen et al., 2019). 

K Navakul et al. proposed a novel electrochemical method for the 
screening of dengue virus antibodies by using surface-assembled gra-
phene-polymer. Surface imprinted GO-polymer was synthesized by 
using the suitable monomers and cross-linkers. These polymers were 
transferred onto the gold surface and added the dengue virus particles, 
then kept it under UV-light for the self-assembly process (Fig. 3D). In 
further step, dengue virus particles were removed from the surface 
imprinted polymer with the sodium dodecyl sulfate (SDS)-acetic acid 
washing steps. EIS analysis of the dengue virus offered the low detection 
limit of 0.12 PFU mL− 1 (Navakul et al., 2017). 

Precise and rapid EIS analysis of Zika virus was demonstrated using a 
16 × 20 electrochemical complementary metal oxide semiconductor 
(CMOS) biosensor array as a POC device. Small sensor array (140 × 140 
μm2 pixel) was constructed with on-chip sensors capable of polar-mode 
measurement. The sensor array was comprised of the specific capturing 
probe 5′‘GCTTGGCCAGGTCACTCATTGAAAATCCTC to the Zika virus. 
The designed architecture produced highly sensitive signal response 
without much noise. The sensor system was employed to measure hy-
bridization of Zika virus oligonucleotides (Hsu et al., 2018). 

ELISA based voltammetric detection of HIV1 and HIV2 viruses was 
reported using microelectrodes. When the antigens GP41 (HIV1) or 
GP36 (HIV-2) and SU-8 deposited on 3D microelectrodes react with the 

HIV antibodies led to the formation of redox p-aminophenol. DPV 
analysis in the concentration range 0.001–1 μg mL− 1 of antibody offered 
a detection limit of 1 ng mL− 1 (6.7 pM) for both HIV-1 and HIV-2. Sensor 
performance was successfully demonstrated in the clinical samples of 
HIV patients (Bhimji et al., 2013). 

Table 2 illustrates the summary of different electrochemical di-
agnostics methods based on direct electron transfer as a recognition 
element for the detection of viral infectious diseases. Relevant literature 
reports were arranged in the table with the transduction technique, 
recognition element/assay, working calibration range and sensor limit 
of detection. Interestingly, Au/MoS2 nanoparticles/PET substrate based 
immunosensor exhibited the good low detection limit of 0.066 pg mL− 1 

for HIV detection (Shin et al., 2019). 

2.3. Antibody based electrochemical biosensors 

Sensors which rely on the specific non-covalent interactions between 
antibodies (analyte specific probes) and antigens (target analytes) are 
designated as immunosensors. These immunosensors are considered as 
gold standard biorecognition elements in several industries such as 
clinical diagnostics, food safety control, drug screening and develop-
ment, environmental monitoring, forensic analysis, managing of bio-
logical threats, the prevention and control of epidemic diseases, etc. 
(Chikkaveeraiah et al., 2012; Diaconu et al., 2013; Kokkinos et al., 
2016). Especially the electrochemical immunosensors have emerged as 
an alternative diagnostic methods for the traditional clinical assays in 
medical diagnostics and pandemic diseases management (Hussein et al., 
2020; Ranjan et al., 2021; Torrente-Rodríguez et al., 2020). This section 
summarizes the sensor systems in which the recognition matrix is 
comprised of antibodies for the selective electrochemical detection of 
hepatitis A (Mandli et al., 2017), of hepatitis B (Akkapinyo et al., 2020; 
Wei et al., 2020), of hepatitis C (Zhao and Liu, 2016), five types of 
hepatitis (Tang et al., 2010), HPV (Piro et al., 2011; Valencia et al., 
2016; Zari et al., 2009), HIV (Akkapinyo et al., 2020; Macchia et al., 
2020), Zika (Cabral-Miranda et al., 2018; Draz et al., 2018; Faria and 
Mazon, 2019; Kaushik et al., 2018), Dengue (Cheng et al., 2012; Nawaz 
et al., 2018), Rotavirus (Attar et al., 2016; Liu et al., 2013) and Influenza 

Fig. 3. Electrochemical detection of (A) HIV-1 using the Au/MoS2 NPs/Au Nanolayer|PET. Reproduced with permission (Shin et al., 2019). Copyright 2019, MDPI. 
(B) Avian Influenza Virus using enzyme catalysis. Reproduced with permission (Fu et al., 2014). Copyright 2014, American Chemical Society. (C) Zika Virus in serum 
using surface imprinted graphene oxide composite. Reproduced with permission (Tancharoen et al., 2019). Copyright 2019, American Chemical Society. (D) Dengue 
virus using surface imprinted GO-polymer|Au. Reproduced with permission (Navakul et al., 2017). Copyright 2017, Elsevier. 
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virus (Zhou et al., 2013). 
Electrochemical immunosensor was demonstrated for the detection 

of H9N2 Avian influenza virus through a combination of immuno-
magnetic separation and the electrochemical detection method. It was 
reported that the direct sensing of the virus was possible with the aid of 
homemade magneto Au electrode, which facilitated for the direct 
accumulation of the complex formed during the electrochemical pro-
cess, eventually obtained the signal of hydrogen peroxide. They 
demonstrated the immunoreaction taking place prior to the electro-
chemical detection. The reported immunosensor has good selectivity, 
reproducibility, sensitivity and detected the virus in the range of 
0.01–1000 ng mL− 1 with a low detection limit of 10 pg mL− 1 in the 
chicken dung samples (Zhou et al., 2013). 

An integrated single electrochemical immunosensor was demon-
strated for the combined detection of five hepatitis virus antigens. The 
protein A was immobilized onto six nanogold working electrodes fol-
lowed by the drop-casting the HAV, HBV, HCV, HDV, and HEV mono-
clonal antibodies for the formation of the immune-complexes. 
Eventually the change in surface charge of the sensor was observed to be 
linearly proportional to the concentrations of the antigens. Simulta-
neously recorded the signals of each individual electrode for the 
detection of five analytes in a single step automatically. The observed 
low detection limit was ≤1.0 ng mL− 1 for almost all types of analytes 

(Tang et al., 2010). 
Label-free immunosensor was developed for the detection of N pro-

tein, a biomarker for the SARS. In2O3 nanowire combined with a probe 
of antibody mimic proteins (Fibronectin, Fn) was used for the specific 
binding of target analyte. (Ishikawa et al., 2009). Sub-nanomolar con-
centration of the analyte was detected through the fabricated immu-
nosensor and no response was seen in the absence of Fn probe with the 
target N protein. Owing to the selectivity, sensitivity of the developed 
immunosensor demonstrates the effective practical application. 

Disposable electrochemical immunosensor was developed with 
AuNPs modified screen-printed electrode for the detection of MERS- 
CoV. The immunosensor facilitated detection of different corona vi-
ruses through the biomarker recombinant spike protein S1 (Fig. 4A) 
(Layqah and Eissa, 2019). It was observed that the electron transfer 
efficiency as well as electrode surface area increased with the aid of 
AuNPs, which eventually leads to the high sensitivity of the fabricated 
immunosensor. Biological fluids samples were examined by spiking into 
the artificial nasal samples and achieved a good recovery limit. Low 
detection limit was observed as 0.4 pg mL− 1 for human corona virus 
(HCoV) and 1.0 pg mL− 1 for MERS-CoV respectively. 

A voltammetric immunosensor was developed for the detection of 
Rotavirus using graphene. The immunosensor was fabricated through 
sequential steps, primarily with the formation of graphene film by 

Table 2 
Electrochemical detection of viral infectious diseases based on direct electron transfer as recognition mechanism.  

S 
NO 

Virus Recognition Matrix Method Concentration Range LOD Ref 

1 HIV-1 Au NPs on the Indium Tin Oxide coated glass (ITO) electrode CV 600 fg mL− 1 - 375 pg mL− 1 10 pg mL− 1 Lee et al. (2013) 
2 HIV-1 Au (Au/MoS2/Au nanolayer) on the polyethylene terephthalate 

(PET) 
SWV 0.1 pg mL− 1 - 10 ng mL− 1 0.066 pg 

mL− 1 
Shin et al. (2019) 

3 HBV NiFe2O4-IL|CPE SWV 8 nM - 2.2 μM and 2.2 
μM–15.5 mM 

2 nM Asran et al. (2020) 

4 Zika Surface imprinted polymers and graphene oxide composites CV 10− 3 - 102 PFU mL− 1 2 × 10− 4 PFU 
mL− 1 

Tancharoen et al. 
(2019) 

5 Avian influenza 
virus H5N1 

Magnetic beads aptamer, concanavalin A (ConA), glucose oxidase 
(GOx), (AuNPs) bionanocomposites 

EIS 0.001–1 HAU 8 × 10− 4 

HAU 
Fu et al. (2014) 

6 Dengue Au coated with graphene oxide reinforced polymer EIS 1 to 2 × 103 PFU mL− 1 0.12 PFU 
mL− 1 

Navakul et al. 
(2017) 

7 HIV1 HIV2 Electrochemical ELISA DPV 0.001–1 μg mL− 1 1 ng mL− 1 

(6.7 pM) 
Bhimji et al. (2013)  

Fig. 4. Electrochemical detection of (A) MERS-CoV using modified SPCE. Reproduced with permission (Layqah and Eissa, 2019). Copyright 2019, Springer-Verlag 
GmbH Austria. (B) Rotavirus through the graphene film-based immuno-sensor. Reproduced with permission (F. Liu et al., 2011). Copyright 2011, Springer-Verlag 
GmbH Austria. (C) HBsAg using graphene paste electrode. Reproduced with permission (Huang et al., 2012). Copyright 2012, Springer-Verlag GmbH Austria. (D) 
human HBsAg using GO/Fe3O4/PB nanocomposite modified SPE. Reproduced with permission (Wei et al., 2020). Copyright 2020, MDPI. 
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thermal annealing followed by the surface modification with pyrene 
derivative (Fig. 4B) (F. Liu et al., 2011). The fabricated immunosensor 
was used for the formation of Antibody-Antigen complex by covalent 
linkage, then the responses were recorded with CV. It was able to detect 
105 PFU mL− 1 of input cells with 30.7% sensitivity. On the other hand, 
electrochemical impedimetric sensor was reported for the detection of 
rotavirus using gold sono-nanoparticles (AuSNPs). Glassy carbon elec-
trode (GCE) was modified initially with AuSNPs followed by the 
self-assembled monolayers of cysteamine, then crosslinking by cyste-
amine for further binding of the antibody (Attar et al., 2016). Then 
impedimetric response observed from the complex generated upon 
binding of Antigens with their specific Antibodies, with the detection 
limit of 2.3 PFU mL− 1. Selectivity of the sensor was demonstrated in the 
presence of hepatitis A virus and enterovirus. 

Disposable electrochemical immunosensor was developed for the 
detection of hepatitis B surface antigen (HBsAg) with the aid of AuNPs 
with graphene paste electrode and Nafion – L-Cysteine composite film 
(Fig. 4C) (Huang et al., 2012). Sensor performance was attributed to the 
synergetic effects of highly conducting nature of graphene, composite 
film and biocompatibility of AuNPs. DPV analysis of HBsAg in the range 
of 0.5–800 ng mL− 1 produced the detection limit of 0.1 ng mL− 1. 

A label-free immunosensor was constructed for the detection of 
HBsAg using the nanocomposite of graphene oxide, iron oxide and 
Prussian blue (GO/Fe3O4/PB) (Wei et al., 2020). GO/Fe3O4/PB nano-
composites and AuNPs were prepared by the chemical route and coated 
onto the screen-printed carbon electrode (SPCE), which helped to in-
crease the sensitivity and also the immobilization of HBsAg (Fig. 4D). PB 
acted as the redox probe. DPV as the electrochemical technique for the 
detection of HBsAg in the range of 0.5–200 pg mL− 1 produced a low 
detection limit of 0.166 pg mL− 1. The fabricated immunosensor was 
tested with several clinical serum samples and observed good repro-
ducibility, selectivity and stability. 

Ultrasensitive label-free, low-cost electrochemical immunosensor for 
the detection of hepatitis B virus was demonstrated using modified SPCE 

(Akkapinyo et al., 2020). Bovine serum albumin was immobilized fol-
lowed by activation with N-ethyl-N′-(3-(dimethylamino)propyl)carbo--
diimide/N-hydroxy succinimide (EDC/NHS) chemistry and hepatitis B 
surface antibodies (Fig. 5A). Impedimetric response was used to detect 
HBsAg in a linear range of 5–3000 ng mL− 1, with a low detection limit of 
2.1 ng mL− 1. 

Development of label free, low-cost impedimetric immunosensor for 
the detection bovine herpesvirus type 1 antigen (BHV-1 AG) was 
demonstrated using a simple strategy (Garcia et al., 2020). The immu-
nosensor was constructed with initial activation of the electrode by 
chronoamperometry followed by the immobilization of appropriate 
antibody (BHV-1 AB) which was obtained from egg yolk of immunized 
chickens, then blocking the bare part of electrode surface with casein 
(Fig. 5B). Then impedimetric method was applied for the detection of 
antigen in the range of 10–50 Median Tissue Culture Infectious Dose 
(TCID50) TCID50 mL− 1, with limit of quantification of 2.00 TCID50 mL− 1 

and detection limit 0.66 TCID50 mL− 1. 
Bioelectronic sensor was demonstrated for the detection of single- 

molecule, HIV-1 p24 capsid protein (Macchia et al., 2020). The sensor 
system was a low-cost, label-free and highly sensitive platform for the 
detection of capsid protein HIV-1 p24. It was proposed that a 
single-molecule transistor (SiMoT) works based on the electrolyte-gated 
field-effect transistor phenomenon (Fig. 5C). Gate was 
bio-functionalized with antibodies and observed the low detection limit 
of with 30 × 10− 21 M. 

Electrochemical biosensor was reported for the detection of human 
norovirus using novel peptides (Baek et al., 2019). Eight peptides were 
tested as recognition elements, which initially verified individually their 
effectiveness in sensing the virus and identified that NoroBP peptide 
coated onto the gold electrode exhibited enhanced binding efficiency 
and observed the low detection limit 1.7 copies mL− 1 (Fig. 5D). The 
developed sensor was successfully applied the for the detection of nor-
ovirus in oyster. 

Label free biosensor was developed for the detection of Japanese 

Fig. 5. Electrochemical sensors constructed for the detection of (A) hepatitis B virus using modified SPCE. Reproduced with permission (Akkapinyo et al., 2020). 
Copyright 2020, Elsevier. (B) Bovine herpesvirus type 1 AG using AGCE/ABCas:AG. Reproduced with permission (Garcia et al., 2020). Copyright 2020, Wiley-VCH 
Verlag GmbH & Co. KGaA, Weinheim. (C) Single molecule HIV-1 p24 using the electrolyte-gated organic field-effect transistors. Reproduced with permission 
(Macchia et al., 2020). Copyright 2020, Elsevier. (D) Norovirus using NoroBP peptide modified SPGE. Reproduced with permission (Baek et al., 2019). Copyright 
2019, Elsevier. 
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encephalitis viral (JEV) antigens by the immobilization of the serum 
antibodies (Huy et al., 2011). The fabrication carried out with the 
interdigitated electrodes by sputtering Ti and Pt on thermally thick SiO2 
layer. The immobilization of serum antibodies was successfully verified 

by Fourier transform infrared spectrometry and fluorescence micro-
scopy. Low detection limit of the impedimetric sensor was 0.75 μg mL− 1 

JEV in the concentration range of 1–10 μg mL− 1. 
Nano bio-polymer based solid phase disposable immuno-biosensor 

Table 3 
Electrochemical diagnostics methods based on antibodies as recognition element for detection of viral infectious diseases.  

S 
NO 

Virus Recognition Matrix Method Concentration Range LOD Ref 

1 HAV Carbon nanopowder paste electrode/ 
antibody labeled with peroxidase 

Chronoamperometry 2 × 10− 4 – 5 × 10− 3 

IU. mL− 1 
26 × 10− 5 IU mL− 1 Mandli et al. (2017) 

2 HPV Au peptide (SPINNTKPHEAR) linked to a 
6-aminohexanoic (Ahx) residue and 
ferrocene (Fc) 

Chronoamperometry 0.010–0.020 μg L− 1 0.010 μg L− 1 Valencia et al. 
(2016) 

3 HPV GCE/anti HPV-16-L1:anti-HPV complex SWV - 0.1 nmol dm− 3 Piro et al. (2011) 
4 HPV SCPGE/DNA SWV 0–5 ng mL− 1 0.3 ng mL− 1 Zari et al. (2009) 
5 HBV Graphene paste electrode|Au NPs/Nafion- 

cysteine/Antibody 
DPV 0.5–200 ng mL− 1 0.01 ng mL− 1 Huang et al. (2012) 

6 HBV SPCE/Graphene Oxide/Fe3O4/Prussian 
Blue Nanocomposites/Antibody 

DPV 0.5 pg mL− 1 - 200 ng 
mL− 1 

0.166 pg mL− 1 Wei et al. (2020) 

7 HBV SPCE/EDC NHS/Antibody EIS 5–3000 ng mL− 1 2.1 ng mL− 1 Akkapinyo et al. 
(2020) 

8 HIV, HCV Electrochemical microfluidic paper-based 
immunosensor array 

Voltammetry - 300 pg mL− 1 and 750 pg 
mL− 1 

Zhao and Liu 
(2016) 

9 HIV-1 Single-molecule transistor (SiMoT) SiO2 

FET/Antibody 
FET 1 to 1 × 107 zM 30 × 10− 21 M Macchia et al. 

(2020) 
10 HIV-1 SPGE/Antibody EIS 0–105 copies mL− 1 1.7 copies mL− 1 Baek et al. (2019) 
11 Zika Interdigitated micro-electrode of gold 

(IDE-Au) array/ZIKV specific envelop 
protein antibody 

EIS 10 pM - 1 nM 10 pM Kaushik et al. 
(2018) 

12 Zika ZnO nanostructures immobilized with 
ZIKV-NS1 antibody on Printed Circuit 
Board (PCB) 

CV 0.1–100 ng mL− 1. 1.00 pg mL− 1 Faria and Mazon 
(2019) 

13 Zika Paper microchips with printed electrodes/ 
Pt NPs/Antibody 

Conductivity 101-105 particle μL− 1 101 particle μL− 1 of ZIKV in 
PBS 

Draz et al. (2018) 

14 Zika virus specific 
antibodies 

SPCE/antigen ZIKV-derived proteins EIS, SWV  17 fg mL− 1 of non-structural 
protein 1 and 53 fg mL− 1 of 
domain III envelope protein 

Cabral-Miranda 
et al. (2018) 

15 Dengue type 2 
virus (DENV-2) 

Nanoporous alumina-modified platinum 
electrode/Antibody 

DPV 1 - 103 PFU mL− 1 1 PFU mL− 1 Cheng et al. (2012) 

16 Dengue SPCE/Bovine serum Albumin (BSA) 
Nanostructured antibody 

EIS 1–200 ng mL− 1 0.3 ng mL− 1 Nawaz et al. (2018) 

17 Rotavirus GCE Au sononanoparticles (AuSNPs)/ 
Antibody 

EIS 4.6 to 4.6 × 104 PFU 
mL− 1 

2.3 PFU mL− 1 Attar et al. (2016) 

18 Rotavirus Micropatterned reduced graphene oxide 
field-effect transistor (MRGO-FET)/ 
Antibody 

FET 10 - 105 PFU mL− 1 102 PFU mL− 1 Liu et al. (2013) 

19 Avian Influenza 
H9N2 

MBs, Antibody horseradish 
peroxidase–streptavidin conjugate (HRP- 
SA) 

DPV 1–600 ng mL− 1 10 pg mL− 1 Zhou et al. (2013) 

20 Hepatitis A,B,C,D, 
E 

Immunosensor array Au NPs Potentiometry 1.0–350 ng mL− 1 0.5, 0.3, 0.8, 0.5, and 1.0 ng 
mL− 1 

Tang et al. (2010) 
0.8–350 ng mL− 1, 
1.5–350 ng mL− 1 

1.0–350 ng mL− 1 and 
1.5–350 ng mL− 1 

21 SARS In2O3 nanowire Antibody mimic proteins Voltammetry – 44 μM Ishikawa et al. 
(2009) 

22 Japanese 
encephalitis virus 

Interdigitated electrodes by sputtering Ti 
and Pt on thermally thick silicon dioxide 
(SiO2) layer 

Potentiometry 1–10 μg mL− 1 0.75 μg mL− 1 Huy et al. (2011) 

23 MERS COVID H 
COV 

Immunosensor Au NPs carbon electrodes SWV 0.001–100 ng mL− 1 

and 0.01–10,000 ng 
mL− 1 

1.04 pg mL− 1 and 0.4 pg 
mL− 1 

Layqah and Eissa 
(2019) 

24 Rotavirus Graphene oxide (GO) film from 1-pyrene-
butyric acid N-hydroxy succinimide ester 
(PSE)/Antibody 

CV 103 - 105 PFU mL− 1 103 PFU mL− 1 F. Liu et al. (2011) 

25 E. coli 
bacteriophage 
(MS2) 

Nanoporous oxirane-derivatized beads/ 
Antibody 

Chronoamperometry 10 and 1010 PFU 
mL− 1 

10 PFU mL− 1 Braustein and 
Braustein (2014) 

26 Influenza A SPCE/monoclonal antibody EIS 0.18 fM - 0.18 nM 0.79 fM Dunajová et al. 
(2020) 

27 Human EV 71 GCE/Poly (o-phenylenediamine) (PoPD) 
Au NPs/Antibody 

CV 0.1–80 ng mL− 1 0.04 ng mL− 1 Kong et al. (2013) 

28 Dengue Au/anti-NS1 EIS, ECS 10 − 2000 ng mL− 1 

5.0–1000 ng mL− 1 
0.5 ng mL− 1 Cecchetto et al. 

(2017) 
29 Herpes virus type 

1 
GCE/Antibody EIS 10 - 50 TCID50 mL− 1 0.66 TCID50 mL− 1 Garcia et al. (2020)  
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kit was developed for the detection of E. coli bacteriophage (MS2) by 
employing amperometric technique. The designed micro-flow system 
exhibited high sensitivity (Braustein and Braustein, 2014). The principle 
behind the sensor performance was covalent bioconjugation of anti-
bodies and biological support to polymeric beads. The developed 
immuno-biosensor was able to detect the viral concentration as low as 
10 PFU mL− 1 in the range of 10–1010 PFU mL− 1. 

Paper-based portable microfluidic platform was developed for the 
selective detection of antibody markers of HIV and HCV through mul-
tiplexed electrochemical technique. Sensor performance was success-
fully demonstrated in serum samples with the low detection limits of 
300 pg mL− 1 HIV and 750 pg mL− 1 HCV (Zhao and Liu, 2016). Ad-
vantages of the electrochemical microfluidic paper-based immuno-
sensor array was the usage of a handheld multi-channel potentiostat 
which simultaneously analyzed up to eight samples within 20 min. 

A disposable screen printed ultra-sensitive immuno sensor was 
developed for the detection of influenza A based on the interaction with 
monoclonal antibodies (Dunajová et al., 2020). Calibration plot was 
drawn with the absolute changes of charge transfer resistance (ΔRct) of 
redox probe versus the logarithm concentration of the virus protein. 
Sensor performance was compared with or without modification of the 
electrode surface by human serum albumin (HSA) in buffered solution 
and horse blood. The fabricated immunosensor was capable of identi-
fying influenza A virus in the range of 0.18 fM to 0.18 nM, with the low 
detection limit of 0.79 fM. 

Ultrasensitive electrochemical detection of dengue type 2 virus 
(DENV-2) was reported using a nanoporous alumina-modified platinum 
electrode and sensitive membrane (Cheng et al., 2012). The employed 
biorecognition element was anti-DENV-2 monoclonal antibody (clone 
3H5, isotype IgG). The fabricated nano-biosensor produced the low 
detection limit of 1 PFU mL− 1 in the linear range from 1 to 103 PFU 
mL− 1 DENV-2. 

Label-free immunoassay platform was reported for the specific 
detection of human enterovirus 71 (EV 71) using poly (o-phenylenedi-
amine) (PoPD) and AuNPs (Kong et al., 2013). PoPD film was formed on 
a glassy carbon electrode by using electro polymerization. CV analysis of 
the sensor yielded a low detection limit of 0.04 ng mL− 1 in the con-
centration range of 0.1–80 ng mL− 1 EV 71. 

Paper based sensors have been emerged an alternative to the glassy 
carbon and PET based screen printed electrodes, due to their unique 
advantages of flexibility, easy to prepare, recyclability and biodegrad-
ability (Mahato et al., 2017). A microfluidic paper-based electro-ana-
lytical device integrated with micro wire Au electrode was developed for 
the specific detection of West Nile virus particles (Channon et al., 2018). 
Here the authors used antibodies as a recognition element and EIS as 
transduction principle. In another report a paper based electrochemical 
immunosensor was developed for the detection of HBV (Li et al., 2015). 

Table 3 illustrates the summary of different electrochemical di-
agnostics methods based on antibody-based recognition elements for the 
detection of viral infectious diseases. All the relevant articles were ar-
ranged in the table with the transduction technique, recognition 
element/assay, working calibration range and sensor limit of detection. 
Interestingly, tremendous sensitivity was observed in the case of SPCE/ 
GO/Fe3O4/PB/Antibody based sensor (Wei et al., 2020) for HBV 
detection, electrochemical microfluidic paper-based immunosensor 
array (E-lPIA) (Zhao and Liu, 2016) for HCV detection, interdigitated 
micro-electrode of gold (IDE-Au) array/ZIKV specific envelop protein 
antibody (Zev-Abs) (Kaushik et al., 2018) and ZnO nanostructures 
immobilized with ZIKV-NS1 antibody on Printed Circuit Board (PCB) 
(Faria and Mazon, 2019) based senor for Zika virus detection. 

2.4. Aptamer based electrochemical biosensors 

Aptamers are the oligonucleotide or peptide molecules that are 
capable of binding strongly and specifically to the targets based on af-
finity complexation led by their sequence-specific three-dimensional 

structures (Jarczewska et al., 2016). Thus, aptamers have been used in 
biosensors to achieve the selectivity and specificity. Due to the compa-
rable selectivity with antibody, these have constantly been employed in 
various sensors to make it robust and temperature tolerant (Zhou et al., 
2014). Another advantage of the aptamer-based biosensors is their 
relatively smaller size, which enables them to get access to the 
deep-seated target sites. Whereas, conventional antibody-based bio-
sensing cannot be able to perform it due to their larger size (Banerjee 
and Nilsen-Hamilton, 2019), making aptamer an appealing choice to 
develop the biosensors for various targets including viruses. The virus 
contains capsid proteins, the genetic materials (either RNA or DNA), and 
in some viruses a lipid bilayer or envelope for their protection. The 
electrochemical detection of viruses was achieved by targeting these 
moieties, mainly using labeled and label-free techniques. In labeled 
formats the recognition is monitored by the target and aptamer physi-
cochemical interactions with a specific tag, whereas in the label-free 
formats the detection depends on direct signal generation at the trans-
ducer surface. In the recent past, various other viruses have been 
detected using the aptamer-based sensitive electrochemical biosensors 
including SARS, hepatitis virus, HIV, bovine viral diarrhea virus, Ebola, 
influenza, rabies, etc. (van den Kieboom et al., 2015). 

This section critically summarizes the electrochemical approaches 
which utilized the aptamers as bio-recognition element towards the 
detection of viruses, such as HAV (Manzano et al., 2018), HBV (Cam-
pos-Ferreira et al., 2013; Jampasa et al., 2018; 2014; Karimizefreh et al., 
2014; Qian et al., 2020; Tran et al., 2011), HCV (Ghanbari et al., 2017; 
Ghanbari and Roushani, 2018; S. Liu et al., 2011), HPV(Bartosik et al., 
2016; Campos-Ferreira et al., 2016; Civit et al., 2012; Huang et al., 2015; 
Souza et al., 2014), HIV (Chen et al., 2012; Fatin et al., 2019; Guo et al., 
2013; Radhi et al., 2016; Rahim Ruslinda et al., 2013; Wang et al., 
2015), Zika (Aydinlik et al., 2011; Dolai and Tabib-azar, 2020; Faria and 
Zucolotto, 2019; Moço et al., 2019; Steinmetz et al., 2019), Dengue (Rai 
et al., 2012), Chikungunya (Singhal et al., 2018b; 2018a), Avian (Dong 
et al., 2015; X. Liu et al., 2011), Influenza (Tam et al., 2009; Yamanaka 
et al., 2011) and Hepatitis (Cho et al., 2018; Li et al., 2015). 

The detection of viral proteins has been reported relatively quickly 
and due to this reason, in the recent COVID-19 pandemic outbreak the 
biosensors targeting capsid-proteins have been used for preliminary 
screening of the patients suffering from the disease. Similarly, for the 
viruses, the aptamer-based detection has also been reported in the recent 
past, which consists of the selective, robust, specific aptamer probe that 
has an affinity of binding towards the proteinaceous part of viral- 
materials (van den Kieboom et al., 2015). For instance, Ghanbari et al. 
used the graphene quantum dots based electrochemical sensor probe for 
detecting core antigen from the HCV. Resistance changes were moni-
tored when the affinity binding exists between the aptamer probe and 
HCV core antigen. In this report, the developed sensor was capable of 
detecting the target antigen in a wide concentration range (0–70 pg 
mL− 1 and 70–400 pg mL− 1) with the detection limit of 3.3 pg mL− 1. The 
sensor probe was reported to be extremely selective towards the target 
analyte and also it worked excellently even in human serum samples 
(Ghanbari et al., 2017). Similarly, in another report from Kazhal 
Ghanbari et al. have reported another aptasensor immobilized on 
multi-walled carbon nanotubes (MWCNTs), Chitosan and MIP i.e., 
MWCNT-Chit/MIP/Apt as a probe surface to immobilize the specific 
aptamer to the core antigen from the HCV. This biosensor has shown a 
wide dynamic range of 5 fg mL− 1 to 1.0 pg mL− 1 with an excellent 
detection limit of 1.67 fg mL− 1. The sensor was also capable of detecting 
the core antigen in the real sample following the spike-recovery method 
and got recovered more than 99% of the antigen (Ghanbari and 
Roushani, 2018). Achieving better sensitivity is one of the utmost re-
quirements for the detection in early/onset of any viral infection, where 
the symptoms are rarely perceived even by the infected individual 
(Mahato et al., 2018). In this stage of infection, the viral loads in the 
sample are way less and sometimes these are found in traces. In view of 
this, various sensitive and effective biosensors have been reported 
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targeting the viral moieties. 
The aptamer-based viral sensing has been done in mainly labeled and 

label-free techniques. The labeled detections have been facilitated by 
the electrochemical active labels typically conjugated to the aptamers 
which could give the electrical/mechanical signals when reacting with 
the specific target molecules. Common electrochemical active label tags 
are methylene blue, ferrocene, etc. Generally, these labeled bio-
recognition elements based electrochemical sensors involve vast 
immobilization protocols and take little longer time for the immobili-
zation and sensing. Label-free biosensors are an alternative to the 
labeled recognition elements, by avoiding the laborious labelling steps 
and the challenging label reaction/operations, the cost of the biosensor 
could be reduced as well as the analysis can be performed in short time 
(Rhouati et al., 2016). 

X Liu et al. reported an electrochemical aptasensor for the detection 
of avian influenza virus, H5N1 by adopting DPV as a transduction 
technique. Initially, the Au electrode surface was modified with 
MWCNT, poly pyrrole nanowires and gold nanoparticles interface, fol-
lowed by the immobilization of the aptamers sequence (Fig. 6A). The 
nanomaterial interface of electrode surface offers porous nature, large 
effective surface area, highly electrocatalytic activities and electronic 
conductivity properties, apart from this it would help in the better 
immobilization of aptamers. While in presence of target virus DNA, it 
would specifically bind with the immobilized aptamers sequence, and 
followed electrochemical signal indicator binds specifically to paired 
sequence (not to lone sequence), these changes were recorded by using 
DPV. Based on this principle, the limit of detection was observed as 0.43 
pM H5N1 in the concentration range of 5 pM - 1 nM (X. Liu et al., 2011). 

S Dong et al. constructed a novel electrochemical biosensor with 

tetrahedral DNA nanostructure based aptasensor for the detection of 
avian influenza A (H7N9) virus through recognizing a fragment of the 
hemagglutinin gene sequence. Initially, the tetrahedral DNA probe was 
immobilized on gold electrode surface through thiolate self-assembly 
method, followed by the addition of longer nucleotide complementary 
target DNA sequences (Fig. 6B). The target DNA sequence was labeled 
with biotinylated detection probe, which could produce an ampero-
metric signal in presence of avidin horseradish peroxidase. Good selec-
tivity was observed as the electrochemical biosensor could specifically 
recognize the target DNA fragment of influenza A (H7N9) virus even in 
presence of other types of influenza viruses, such as influenza A (H1N1) 
and (H3N2) viruses. The achieved limit of detection was 100 fM target 
nucleotide sequences of H7N9 virus (Dong et al., 2015). 

Xian Chen et al. developed an ultrasensitive electrochemical apta-
sensor for the detection of HIV (Chen et al., 2012). Herein, the DNA 
biosensor has been immobilized on the long-range self-assembly axillary 
probes, that would lead mico-meter range from the electrode transducer 
surface, which could help in the proximity changes towards the elec-
troactive surface area while interacting with the target virus (Fig. 7A). 
This could help eventually to enhancing the electrochemical signal of a 
great amount of redox indicator [Ru(NH3)6]3+. DPV was employed as a 
transduction technique and screened the HIV DNA sample in the con-
centration range over 2 aM to 10 pM. The aptasensor exhibited 
remarkable sensitivity with the detection limit of 2 aM in serum or in cell 
lycates. 

In another report Wang Yijia et al. constructed an ultrasensitive 
aptasensor for HIV detection based on graphene stabilized gold nano-
clusters with exonuclease amplification (Wang et al., 2015). Here, the 
authors initially synthesized the graphene stabilized gold particle by the 

Fig. 6. Electrochemical aptasensors constructed for the specific detection of avian influenza A viruses (A) H5N1. Reproduced with permission (X. Liu et al., 2011). 
Copyright 2011, Elsevier. (B) H7N9. Reproduced with permission (Dong et al., 2015). Copyright 2015, American Chemical Society. 
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one-step ultrasonic method, and immobilized on the GCE surface, fol-
lowed by the immobilization of exonuclease III DNA clusters on 
GCE/GR-AuNPs electrode surface (Fig. 7B). The developed DPV based 
aptasensor was able to detect as low as 30 aM. In another report, an 
electrochemical peptide-based senor was constructed for the specific 
detection of HIV (Gerasimov and Lai, 2010). Methylene blue labeled 
aptasensor offered the detection limit of 10 nM or 1.5 μg mL− 1 (Fig. 7C). 

A. Rahim Ruslinda et al. constructed a diamond-FET based RNA 
aptasensing platform for the specific detection of HIV-1 Tat protein 
(Rahim Ruslinda et al., 2013). Herein, the RNA-Tat aptamer was 
immobilized on the diamond electrode surface channel via linker. In the 
presence of HIV-1 Tat, the probe aptamer and aptamer-derived second 
strand form a duplex structure, whereby the hole carrier density is 
decreased owing to the decreased negative charge on the surface 
channel (Fig. 7D). Based on this principle the achieved detection limit 
was 100 pM HIV-Tat protein. 

In another report, X Quian et al. constructed an ultrasensitive elec-
trochemical aptasensor for hepatitis B virus detection. Here, water- 
soluble pillar [5]arene stabilized Pd NPs were assembled with reduced 
graphene oxide nanosheet (WP5–Pd/RGO) to prepare the supporting 
matrix for better immobilization of the probe DNA and increase the 
electro-catalytic performance of the transducer surface. The label was 
prepared with auxiliary DNA and the hydroxylatopillar [5]arene stabi-
lized Au NPs anchored on metal-organic frameworks-derived cobalt 
sulfide nanobox (HP5–Au/CoS-aDNA). The principle involved in the 
present aptasensor was the capturing interactions of tDNA and pDNA 
lead to the increase in the HP5–Au/CoS-aDNA label, it would involve in 
more electro-catalytic activity towards H2O2, these changes were 
recorded by amperometry. Under the optimized conditions, the pro-
posed sensor displayed a linear relationship between amperometric 
currents and the logarithm of tDNA solution from 1 fM – 1 nM, and the 
achieved low detection limit was 0.32 fM. The reported sensor system 
offered remarkable stability, reproducibility, specificity, and accuracy, 
which provided a potential and promising prospect for clinical diagnosis 
and analysis (Qian et al., 2020). 

On the other hand, some viruses are used for the therapeutic agents, 
especially oncolytic viruses (OVs) were very promising could selectively 
replicate in and kill tumor cells. But repetitive administration of OVs 
provokes the generation of neutralizing antibodies that could diminish 
the anticancer properties. Excess amount of this virus particles harms 
the patient body, hence the detection of OVs is important. M Labib et al. 
reported an article for the specific detection of vesicular stomatitis virus 
(VSV) through electrochemical aptasensing method. Here, self- 
assembled thiolated primer was used as a linker to immobilize the 
anti-VSV aptamers. The aptamer sequences of F-CCA TCA CCC TAT TAT 
CTC ATT ATC TCG TTT TCC CTA TGC G-cR (ZMYK-20), F-GCG ACA 
ACA CGG ACG GTT GAG ACT TTA ATT CTG CTC ACG G-cR (ZMYK-22), 
F-GGG ACC TAT CAG GCG ATG TGA AAA CTC TTA TAC CAC TGG-cR 
(ZMYK-23) and F-CCA CCA TGC ACG ACC CAC GCA ATG ACA GTA 
ACA CAC CTC G-cR (ZMYK-28) were used for achieving the selectivity. 
The complementary interaction of VSV and aptamers sequences in-
creases the impedance values, while introducing of free antibodies, 
which were specifically binds with the VSV led to decrease in the 
impedance values. Depending on this principle, the authors have 
developed calibration plots for four different aptamer clones ZMYK-20, 
ZMYK-22, ZMYK-23, and ZMYK-28 and got the highest protective 
properties with dissociation constants of 17, 8, 20, and 13 nM, respec-
tively (Labib et al., 2012b). 

Label-free impedimetric aptasensor was developed for the specific 
detection of Zika virus in real human serum samples. Here, the oxidized 
glassy carbon electrode was modified with silsesquioxane- 
functionalized gold nanoparticles to immobilize the aptamer se-
quences. CV, EIS and Atomic force microscopy (AFM) studies were uti-
lized for monitoring the biosensing fabrication steps. EIS analysis of Zika 
virus in the concentration range of 1.0 pM to 1 μM led to the low 
detection limit of 0.82 pM. Moreover, the reported impedimetric apta-
sensor exhibited a good stability and satisfactory sensitivity with high 
selectivity to detect Zika virus in human serum samples, which suggests 
its promising clinical applications for the early diagnosis of zika virus 
associated pathologies (Steinmetz et al., 2019). 

Fig. 7. Electrochemical detection of HIV using (A) long-range self-assembled DNA nanostructures. Reproduced with permission (Chen et al., 2012). Copyright 2012, 
American Chemical Society. (B) Graphene stabilized gold nanoclusters. Reproduced with permission (Wang et al., 2015). Copyright 2015, American Chemical 
Society. (C) Peptide-based biosensing platform (Gerasimov and Lai, 2010) Copyright 2010, Royal Society of Chemistry. (D) Diamond-FET-based RNA aptamer. 
Reproduced with permission (Rahim Ruslinda et al., 2013). Copyright 2013, Elsevier. 
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S Jampasa et al. developed a novel two signal on electrochemical 
aptasensing methodology by employing a sandwich-hybridization of 
pyrrolidinyl peptide nucleic acid (PNA) probes on screen printed elec-
trodes. Here, the capture PNA probe (P1) was initially immobilized on 
SPCE surface followed by anthraquinone labeled signaling probe (AQ- 
P2), which could complementary sequence to the target DNA. Two types 
of interaction methodologies were followed namely at upstream (ASU) 
and at downstream (ASD). It was reported that higher current response 
values were observed at ASD compare to the ASU. Finally, ASD meth-
odology applied for the simultaneous detection of two high-risk human 
papillomavirus DNA sequences. The calculated detection limits were 
150 and 153 pM, for HPV type 16 and 18 sequences respectively in the 
concentration range of 0.5–100 nM (Jampasa et al., 2018). 

In another report, an ultrasensitive DNA biosensor was developed for 
the detection of HPV by using EIS and DPV techniques. Initially, the 
capture probe was immobilized on graphene/Au nanorod/polythionine 
modified GCE. Two types of auxiliary probes of long size self-assembled 
DNA structure were immobilized after target DNA. Finally, [Ru 
(phen)3]2+ was used as electroactive indicative medium, which was 
deposited on auxiliary probes due to electrostatic interaction, these 
changes were recorded by DPV. Based on this principle, The calculated 
low detection limit from calibration plot was 0.403 pM HPV in the 
concentration range of 0.1 pM - 0.1 nM (Huang et al., 2015). 

Paper based electrochemical aptasensor have been emerged as the 
alternative to PET based screen printed electrodes for the detection 
various viruses, such as hepatitis B (Srisomwat et al., 2021, 2020), 
hepatitis C (Zhao and Liu, 2016), chikungunya (Singhal et al., 2018a), 
zika virus (Dolai and Tabib-Azar, 2020) and papilloma virus (Teengam 
et al., 2017). Dolai S et al. developed a paper based microfluidic platform 
for the zika virus detection using potentiometric transduction method 
(Dolai and Tabib-Azar, 2020). Herein, the proposed aptamer-based 
potentiometric sensor was able to detect the whole Zika virus for the 
first time with a minimum sensitivity of 2.6 nV/Zika and the minimum 
detectable signal of 1.2 × 106 Zika. The combination of microfluidics 
with paper based electrochemical biosensing systems accelerates the 
development of POC devices for the rapid and onsite detection of 
viruses. 

Table 4 illustrates the summary of different electrochemical diag-
nostic methods based on aptamers as a recognition element for the 
detection of viral infectious diseases. All the relevant reports were ar-
ranged in the table with their transduction technique, recognition 
element/assay, working calibration range and sensor limit of detection. 
Interestingly, the best sensitivity (fM and aM range) values were 
observed in the case of GCE/MWCNT-Chit/MIP/Apt (Ghanbari and 
Roushani, 2018) based sensor for HCV, AuE/Self-Assembled DNA 
Nanostructures (Chen et al., 2012) based sensor for HIV, hollow 
HP5–Au/CoS (Qian et al., 2020) based senor for HBV and G/Au NR/PT 
DNA (Huang et al., 2015) based sensor for HPV detection. 

3. Challenges and future perspectives 

Electrochemical diagnostic methods are emerging as an alternative 
rapid sensing methodology over the conventional clinical screening 
methods. However, several challenges still remain unsolvable and need 
to be carefully addressed by the scientific research community working 
on sensors development. All the current challenges encountered in the 
electrochemical viral infectious disease diagnosis and the possible so-
lutions to overcome such challenges are discussed in this section. 

Challenge I: Screening sample separation – an appropriate screening 
sample selection and preparation are the utmost important steps, while 
transferring the biosensors systems from laboratory to onsite-clinics 
(Ritzi-Lehnert, 2012). Raw bio sample screening hurdles with a lot of 
interferences, such as proteins, vitamins, common drug intakes naturally 
present in the bio-fluids. Hence, several separation methods need to be 
performed before going to sensing. Possible Solution: Latest innovative 
developments in the microfluidics technology help to overcome this 

challenge (Whitesides, 2006). Challenge II: Fouling studies – Electro-
chemical biosensor system mostly relies on the binding interaction or 
conformational changes of biorecognition element while reacting with 
the target analyte, but not depends on the adsorption of the target an-
alyte. Sometimes, it leads to false readings due to nonspecific adsorption 
of proteins, cells, and other biomolecules, which are present in the 
complex bio fluids. Possible Solution: This problem can possibly be 
overcome by using various antifouling layers such as polyethylene gly-
col (PEG), biomimetic materials, zwitterionic polymers, synthetic pep-
tides and carbon nanofibers. Recently, Jiang et al. have critically 
discussed the strategies to lower the fouling and to translate these 
biosensor innovations to commercial opportunities (Jiang et al., 2020). 
Challenge III: Selectivity and sensitivity – Achieving the best selectivity 
and sensitivity are two prominent challenges to successfully commer-
cialize the biosensor systems. Especially in clinical complex samples, the 
performance of biosensor is poor, need to improve competitiveness with 
the commercial clinical laboratory analysis. Possible Solution: Nano-
materials play crucial role in achieving the high sensitivity whereas the 
specific biorecognition elements (Antibodies, Aptamers, Imprinted 
polymers, CRISPR based systems, etc.) deliver the best selectivity. 
Hence, the synergistic combination of both these materials may yield the 
advanced hybrid nanocomposites thereby facilitates the construction of 
an ideal biosensor system. 

In spite of the achieved development in biosensors for the specific 
detection of viruses using different bio-recognition elements, a plenty of 
research is yet to be done in the special areas such as utilization of 
different anti-fouling coating layers to reduce the fouling and adoption 
of advanced bio-compatible nanomaterials to enhance the sensitivity of 
the transducer system. Accurate detection of the other biomarker com-
ponents such as C-reactive protein, interleukins, glutamate, breath pH, 
TNF-α, interferons, hematological biomarkers apart from the virus par-
ticle detection helps to understand the severity of the infection. This 
dual detection could be achieved using multiplexed electrochemical 
sensing models with the aid of microfluidic sensing systems, and in turn 
provide valuable help in the better management of viral pandemic 
diseases. 

We believe that the manuscript gives critical insights on the latest 
developments and could help the researchers in designing an integrated 
electrochemical multi-sensing system for early, rapid, accurate detec-
tion of viral infectious diseases. 

4. Summary and conclusions 

Overall, this review summarized the recently reported electro-
chemical sensor systems for the selective detection of twelve life- 
threatening viruses namely - COVID-19, MERS, SARS, Influenza, Hepa-
titis, HIV, HPV, Zika, Herpes simplex virus, Chikungunya, Dengue, and 
Rotavirus. Sensor systems reported for other viruses namely - Entero-
virus 71, West Nile virus, human norovirus, vesicular stomatitis virus, 
Japanese encephalitis virus, etc. were also critically discussed. Brief 
information of each individual virus (molecular structure, disease 
symptoms and magnitude of infection caused) was mentioned in the 
introduction section. Literature reports on the detection of COVID-19/ 
SARS-CoV-2 were collectively summarized in a separate sub-section. 
All the electrochemical works were discussed by categorizing them 
into three major sub-sections depending on the recognition matrix/ 
sensor mechanism (antibody or aptamers or direct/mediated electron 
transfer). The challenges involved in the real time monitoring of infec-
tious diseases were keenly addressed by highlighting the key issues 
along with appropriate possible solutions. We strongly believe that this 
review significantly helps the researchers working in the fields of ma-
terials chemistry, nanotechnology and biotechnology to come up with 
innovative strategies to construct a successful portable electrochemical 
sensor system for rapid screening of various viral infectious diseases. 
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Table 4 
Electrochemical diagnostics methods based on aptamers as recognition element for detection of viral infectious diseases.  

S 
NO 

Virus Recognition Matrix Method Concentration Range LOD Ref 

1 HCV GCE/MWCNT-Chit/MIP/Apt CV, DPV, EIS 5.0–1.0 pg mL− 1 1.67 fg mL− 1 Ghanbari and 
Roushani (2018) 

2 HCV GCE/AuNPs/Apt DPV 1 × 10− 21 to 1 × 10− 11 M 5 × 10− 17 M S. Liu et al. (2011) 
3 HCV GCE/GQD/Apt EIS 10–400 pg mL− 1 3.3 pg mL− 1 Ghanbari et al. (2017) 
4 HIV HRP/NF-kB/Tx-CP/GE Amperometry 5–500 nM 5 nM Guo et al. (2013) 
5 HIV – 1 Diamond FET-based RNA aptamer FET 1–100 nM 1 nM Rahim Ruslinda et al. 

(2013) 
6 HIV 1 Ni–Au/fMWCNT FET 0.2 nM - 1 μM 600 pM Fatin et al. (2019) 
7 HIV GCE/GR/AuNCs/Apt DPV 0.1 fM - 100 nM 30 aM Wang et al. (2015) 
8 HIV AuE/Self-Assembled DNA 

Nanostructures 
DPV 2 aM - 10 PM 2 aM Chen et al. (2012) 

9 HIV 1 Si/SiO2/Au/MWCNT FET 1.64–3.74 nM 1.64 nM Radhi et al. (2016) 
10 HIV GCE/PPI/Strep/ssDNA SWV, EIS 0.1–16 nM 3.44 pM John et al. (2014) 
11 HAV SPGEs DNA probe CV 10 fg μL− 1 - 0.1 ng μL− 1 0.15 fg μL− 1 Manzano et al. (2018) 
12 HBV PNA probe (P1) immobilized on a 

screen-printed carbon electrode 
(SPCE) 

DPV 0.1–1000 nM 150 pM Jampasa et al. (2018) 

13 HBV PANI–MWCNT platinum electrode 
arrays peptide aptamers 

SWV 10–50 nM 490 pM Tran et al. (2011) 

14 HBV Au DNA EIS 1 nM–1000 nM 1 nM Karimizefreh et al. 
(2014) 

15 HBV (GC) (prGO) (MoS2) RNA aptamer _ DPV 3.5 pM–35.3 pM 1.75 pM Chekin et al. (2018) 
16 HBV (acpcPNA) probe (AQ-PNA) and (G- 

PANI) 
SWV 10–200 nM. 2.3 nM Teengam et al. (2017) 

17 HBV 16 SPGE cysteine film DNA DPV 18.75 nM and 250 nM 18.13 nM Campos-Ferreira et al. 
(2013) 

18 HBV 16 SPCE pyrrolidinyl peptide nucleic 
acid probe 

SWV 0.02 and 12.0 μM 4 nM Jampasa et al. (2014) 

19 HBV hollow HP5–Au/CoS Chronoamperometry 1 fM – 1 nM 0.32 fM Qian et al. (2020) 
20 HBV Paper/Ag NPs-DNA modified MμBs ASV 100–1500 pM 85 pM Li et al. (2015) 
21 HPV16E7p, 18E6 

and 45E6 
Au arrays DNA Probe steps and sweeps 

technique 
0.1–10 nM 0.1–12 nM 0.1–1 nM 220 pM, 170 

pM and 110 
pM 

Civit et al. (2012) 

22 HPV G/Au NR/PT DNA EIS and DPV 0.1 pM - 10 nM 50 fM Huang et al. (2015) 
23 HPV16 (PGE) DNA DPV 40–5000 pg L− 1 16 pg L− 1 Campos-Ferreira et al. 

(2016) 
24 HPV SPEs DNA magnetic bead-modified 

DNA probes 
chronoamperometry 1 pM - 1 nM 1 pM Bartosik et al. (2016) 

25 HPV 16 pencil graphite electrode (PGE)/ 
Methylene blue DNA 

DPV 2–10 nM 1.49 nM Souza et al. (2014) 

26 Influenza A Microfluidic RT-PCR chip and 
disposable electrical printed (DEP) 

SWV 5.36 × 102 to, 5.36 × 105 copies 
μL− 1 

– Yamanaka et al. 
(2011) 

27 Influenza A PtE/MWCNT/DNA SWV 1–10 nM 0.5 nM Tam et al. (2009) 
28 Vesicular Stomatitis 

virus (vsv) 
AuE/Apt/Ab EIS 800 - 2200 PFU 600 PFU Labib et al. (2012b) 

29 Vaccinia virus 
(VACV) 

AuE/Apt/ EIS 500 - 3000 PFU 330 PFU Labib et al. (2012a) 

30 Zika polyethylene terephthalate (PET) Au 
DNA 

EIS 54–340 nM 25 nM Faria and Zucolotto 
(2019) 

31 Zika silsesquioxane-functionalized gold 
nanoparticles (AuNPs-SiPy) 

EIS 1 pM–1 μM 0.82 pM Steinmetz et al. 
(2019) 

32 Zika graphite disk reduced graphene 
oxide and polytyramine-conducting 
polymer 

DPV 1.72 × 1010 copies mL− 1 (10− 16 g 
mL− 1) to 1.72 copies mL− 1 (10− 16 g 
mL− 1) 

1.72 copies 
mL− 1 (0.1 fg 
mL− 1) 

Moço et al. (2019) 

33 Zika Paper aptamer potentiometry – – Dolai and Tabib-azar 
(2020) 

34 Zika poly-(3-amino- 4-hydroxybenzoic 
acid)-modified PGE 

SWV 84.0 pM - 1.41 nM 25.4 pM Aydinlik et al. (2011) 

35 Chikungunya virus (SPGEs) (MoS2 NSs) probe PDNA EIS, CV (0.1 nM–80 μM) (0.1 nM–100 μM) 3.4 nM Singhal et al. (2018b) 
36 Chikungunya virus Paper Fe3O4@Au Nanocubes based 

DNA 
CV 0.1 nM - 100 μM 0.1 nM Singhal et al. (2018a) 

37 Avian influenza 
virus H5N1 gene 

AuE/MWCNT/PPNWs/GNPs/DNA- 
aptamer. 

DPV 5 pM–1 nM 0.43 pM X. Liu et al. (2011) 

38 Avian influenza A 
(H7N9) 

AuE/tetrahedral structured DNA 
probe 

Amperometry 1 pM - 100 nM 0.75 pM Dong et al. (2015) 

39 Herpes DNA Paper Zn–Ag nanoblooms DNA CV 113–103 and 3 × 105 to 3 × 106 

copies mL− 1 
97 copies 
mL− 1 

Narang et al. (2018) 

40 Herpes Poly pyrrole silicon aptamer Conductometry 5–20 nM 2 nM Tam et al. (2010) 
41 Hepatitis B Graphene/CPPyNW field-effect transistor 

(FET) 
10 aM to 0.1 μM 10 aM Cho et al. (2018) 

42 Dengue Virus Alumina over platinum wire 
Electrode probe DNA 

DPV 0.01 nM to 1 μM 9.5 pm Rai et al. (2012) 

43 Ostreid herpesvirus 
1 (OsHV-1) 1 

Au/DNA Chronoamperometry 1.50 × 102 to 3.34 × 105 OsHV-1 
DNA copies/50 ng of total DNA. 

207 OsHV-1 
target copies 

Toldrà et al. (2020) 
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Fonteau, C., Césaire, R., Kaidomar, S., Thomas, L., 2008. Influence of the dengue 
serotype, previous dengue infection, and plasma viral load on clinical presentation 
and outcome during a dengue-2 and dengue-4 Co-epidemic. Am. J. Trop. Med. Hyg. 
78, 990–998. https://doi.org/10.4269/ajtmh.2008.78.990. 
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