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Abstract  43 

Respiratory viruses are real menace for human health which result in devastating epidemic disease. 44 

Consequently, it is in urgent need of identifying and quantifying virus with a rapid, sensitive and 45 

precise approach. The study of electrochemical biosensors for respiratory virus detection has become 46 

one of the most rapidly developing scientific fields. Recent developments in electrochemical biosensors 47 

concerning respiratory virus detection are comprehensively reviewed in this paper. This review is 48 

structured along common detecting objects of respiratory viruses, electrochemical biosensors, 49 

electrochemical biosensors for respiratory virus detection and future challengesThe electrochemical 50 

biosensors for respiratory virus detection are introduced, including nucleic acids-based, immunosensors 51 

and other affinity biosensors. Lastly, for Coronavirus disease 2019 (COVID-19) diagnosis, the future 52 

challenges regarding developing electrochemical biosensor-based Point-of-Care Tests (POCTs) are 53 

summarized. This review is expected to provide a helpful guide for the researchers entering this 54 

interdisciplinary field and developing more novel electrochemical biosensors for respiratory virus 55 

detection. 56 

Keywords: Electrochemical; Biosensors; Respiratory viruses; Virus detection; COVID-19; 57 

SARS-CoV-2;  58 
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Abbreviations 59 

ACE2   Angiotensin-converting enzyme II 60 

ALP   Alkaline phosphatase 61 

AP   Auxiliary probe 62 

APP   4-amino phenyl phosphate 63 

Au NPs   Gold nanoparticles 64 

BDD   Boron-doped diamond 65 

bi-FMNs    bifunctional fluorescence magnetic nanospheres 66 

CNTs   Carbon nanotubes 67 

COVID-19   Coronavirus disease 2019 68 

CP   Capture probe 69 

CV   Cyclic voltammetry 70 

DPV   Differential pulse voltammetry 71 

dsDNA   Double strand DNA 72 

E   Envelope 73 

EDOT   3,4-ethylenedioxythiophene 74 

EIS   Electrochemical impedance spectroscopy 75 

ELISA   Enzyme-linked immuno sorbent assay 76 

Fab   Fragment-antigen binding 77 

FDA   Food and Drug Administration 78 

GO   Graphene oxide 79 

HA   Hemagglutinin 80 

HAU   Hemagglutination unit 81 

HEPES   4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 82 

IC   Immunochromatography 83 

IFA   immunofluorescence assay 84 

IgG   Immunoglobulin G 85 

IgM   Immunoglobulin M 86 

ITO   Indium tin oxide 87 

KD   Dissociation constants 88 

LFIA   Lateral Flow Immunoassay  89 

LOD   Limit of detection 90 

LP   Label probe 91 

M   Membrane 92 

M2   Matrix protein 2 93 

mAb   Monoclonal antibodies 94 

MCH   6-mercapto-1-hexanol 95 

MERS-CoV   Middle East Respiratory Syndrome coronavirus  96 

MNPs   Magnetic nanoparticles 97 

N   Nucleocapsid 98 

NA   Neuraminidase 99 

ORF   Open reading frame 100 

pAb   Polyclonal antibodies 101 

p-AP   P-aminophenol 102 
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p-APP   P-aminophenyl phosphate monohydrate 103 

PCR   Polymerase chain reaction 104 

PDMS   Polydimethylsiloxane 105 

PNA   Peanut agglutinin 106 

POCTs   Point-of-Care Tests  107 

RBD   Receptor binding domain 108 

RGO   Reduced graphene oxide 109 

RSV   Respiratory Syncytial Viral 110 

RT–PCR   Reverse transcription–polymerase chain reaction 111 

S   Spike 112 

SAM   Self-assembled monolayer 113 

SARS-CoV   Severe Acute Respiratory Syndrome coronavirus 114 

SARS-CoV-2   Severe Acute Respiratory Syndrome coronavirus 2 115 

scFv   Single-chain Fv fragments 116 

SELEX   Systematic Evolution of Ligands by Exponential Enrichment 117 

SERS   Surface Enhanced Raman Scattering  118 

SPCE   Screen-printed carbon electrode 119 

SPEs   Screen-printed electrodes 120 

SPR   Surface Plasmon Resonance  121 

ssDNA   Single-stranded DNA 122 

SWV   Square wave voltammetry 123 

upE   RNA upstream of the E gene 124 

UTR   Untranslated Regions 125 

WHO   World Health Organization  126 
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1. Introduction 127 

Respiratory viruses, well-known as influenza virus and coronavirus, usually result in viral 128 

respiratory infections through contact as well as airborne transmission [1]. The infected individuals 129 

generally present fever, dry cough, fatigue, sputum production and loss of smell, such acute respiratory 130 

virus illnesses symptoms. Though sounds like a mild cold, acute respiratory disease caused by 131 

respiratory viruses have brought death and pandemics over the past years [2-3]. Only Respiratory 132 

Syncytial Viral (RSV) could lead to 14,000 deaths among adults older than 65 years every year in the 133 

US [4]. Currently, Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) is the responsible 134 

culprits of the Coronavirus disease 2019 (COVID-19) pandemic. According to the data collected from 135 

the World Health Organization (WHO), there are totally over 6284,000 cases and 1465,000 death in 136 

220 countries, areas or territories by 2 December 2020 [5]. The prevention and control have been taken 137 

depending on the features of the spread of the respiratory viruses, such as wearing the P2/N95 masks to 138 

prevent airborne spread, cleaning contaminated surfaces to avoid risky contact [6]. However, owing to 139 

the non-specific and comprehensive symptoms among the respiratory viruses and the silent 140 

transmission from positive asymptomatic, early accurate diagnosis and isolation of patients remain to 141 

be crucial for controlling the pandemic resulted by the respiratory viruses [7]. Thus, respiratory virus 142 

detection would be particularly decisive. 143 

Conventional methods for respiratory virus detection are mostly based on lab-based techniques. 144 

From initial virus cultures, morphological observation, and serological tests to subsequent reverse 145 

transcription–polymerase chain reaction (RT–PCR) [8], isothermal amplification techniques [9], 146 

immunochromatography (IC) [10], enzyme-linked immunosorbent assay (ELISA) or an 147 

immunofluorescence assay (IFA) [11] and classical diagnostic methods have helped physicians to 148 

distinguish the causative agents with accuracy. Although, in clinical practice, cumbersome 149 

sample-preparation, high cost, professional operators and time-consuming equally become the 150 

drawbacks of most classical lab-based techniques [12]. There is still a demand to exploit rapid, simple, 151 

cheap assays with precision on respiratory virus detection. Biosensors, cooperating the bio-recognition 152 

elements with the sensor system, are capable of recognizing the targets with high sensitivity and 153 

selectivity [13]. Biosensors have arisen in numerous areas, including environment monitoring, food 154 

safety, drug control, disease diagnosis and so on [14]. Among them, many optical based techniques are 155 

proposed for virus detection such as Surface Plasmon Resonance (SPR) [15], Lateral Flow 156 

Immunoassay (LFIA) [16], Surface Enhanced Raman Scattering (SERS) [17]. 157 

Electrochemical biosensors have aroused burgeoning attention because of intrinsic strengths: 158 

simplicity, rapid response, flexibility, miniaturized instrumentation, excellent sensitivity and low cost 159 

[18], which have been emerging alternative tools for the quantitative or semi-quantitative analyzing 160 

respiratory viruses. Excellent reviews are accessible in the literature about the state-of-art of 161 

electrochemical biosensors for pathogen detection: Anusha et al. [19] highlighted various types of 162 

electrochemical biosensing techniques and the role of biorecognition molecules in sensing of dengue 163 

virus; Kaushik et al. [20] discussed the recent developments in developing intelligent sensing strategies 164 

to monitor Zika virus; Rasouli et al. [21] gathered the advancements in electrochemical DNA 165 

biosensors for the detection of human papillomavirus virus. However, these reviews are all restricted to 166 

include only a kind of virus, which lack of the summary of electrochemical detection methods for a 167 

class of viruses. Furthermore, there are other excellent reviews that present the current state of 168 

biosensors for respiratory virus detection: Ribeiro et al. [22] covered important advancements in the 169 
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biosensor field in terms of most current respiratory viruses, presenting the development in the assembly 170 

of the devices and figures of advantages. Samson et al [23] present all the novel types of biosensors 171 

that could be used for the rapid detection of COVID-19. Ruiz de Eguilaz et al. [24] reported on virus 172 

and antibody detection using electrochemical methods, focusing on recent key innovations which drive 173 

the progress of portable, high performance point-of-care technologies. Nevertheless, few articles cover 174 

and focus on both electrochemical biosensor background and respiratory virus detection, or their key 175 

aspects are a kind of special field. For example, Nelson et al. [25] provided a brief overview of 176 

currently available Point-of-Care Tests (POCTs) for the diagnosis of emerging and new respiratory 177 

viruses along with their merits and limitations, and discussed recently published methods and 178 

techniques with a potential use in future POCTs. Therefore, our review article aims to fills the blank by 179 

combining essential background information about electrochemical biosensors with the rapidly moving 180 

advancements of electrochemical biosensors for respiratory virus detection.  181 

Hence, we reviewed the recent advances in electrochemical biosensors for respiratory virus 182 

detection. In this review, common detecting objects of respiratory viruses, electrochemical biosensors, 183 

electrochemical biosensors for respiratory virus detection and future challenges are discussed 184 

successively. When exploring the methods for testing a new virus, it is often worthy of reviewing the 185 

already existing methods for other congeneric virus in comparison. Therefore, it is anticipated that this 186 

review regarding respiratory viruses will provide a complete guide to develop novel COVID-19 187 

diagnosis assays with prominent accuracy and sensitivity, thereby performing appropriate antiviral 188 

therapies for patients. 189 

2. Common detecting objects of respiratory viruses 190 

For respiratory virus detection, the whole virus, their structural proteins, gene sequences and 191 

antibodies could be the targets. Here we will give a comprehensive discussion regarding common 192 

detecting objects of representative respiratory viruses: influenza virus, MERS-CoV and SARS-CoV-2.  193 

2.1 Whole virus and their structural proteins 194 

Influenza virus. Basically, the whole influenza virus and the structural proteins, including M1 195 

protein, hemagglutinin (HA) and neuraminidase (NA) all can serve as antigens for influenza virus 196 

detection. The type of influenza virus: A, B and C are classified according to the encoding proteins: 197 

matrix protein M1 and viral nucleoproteins. M1 protein is the only essential viral component for 198 

virus-like particles formation and suitable for all serotypes of influenza virus [26]. Besides, the virus 199 

can combine with the host cells through the contacts of HA and NA. There has been 18 HA and 11 NA 200 

variants so far owing to their high variety. The subtype of influenza virus is usually decided by the 201 

properties of HA and NA [27].  202 

The Middle East Respiratory Syndrome Corona Virus (MERS-CoV). Belonging to 203 

coronavirus, MERS-CoV owns four structural proteins: spike (S) protein, envelope (E) protein, 204 

membrane (M) protein and nucleocapsid (N) protein. The S protein is involved in the binding process 205 

between the virus and the host cell surface receptors. The E protein is the smallest protein in the major 206 

structural proteins, mediating virus assembly and budding. The M protein is able to decide the shape of 207 

the virus envelope. The N protein is the only protein binding to the RNA genome [28]. Among these, 208 

the S protein is the most-frequently used antigens because of its significant role in the attachment of the 209 
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virus to the host cells. However, there are still few published articles about the detection of the whole 210 

MERS-CoV virus. 211 

SARS-CoV-2. The whole SARS-CoV-2 and their four structural proteins: S, E, M and N could be 212 

used as targets for SARS-CoV-2 detection. M and E protein are essential proteins when occurring viral 213 

assembly, while S and N proteins are the most significant biomarkers in terms of COVID-19 early 214 

diagnosis. The S protein can mediate the fusion of the virus and the host cell membrane, making the 215 

virus more easily enter the host cells [29]. Besides, the highly immunogenic S protein could promote 216 

producing neutralizing antibodies as well as T-cell responses in the SARS-CoV-2 patients [30]. 217 

Moreover, the S1 subunit of the S protein exhibits the receptor binding domain (RBD) with strong 218 

binding affinity for the host angiotensin-converting enzyme II (ACE2) receptor on the human cells [31]. 219 

Therefore, the RBD protein of SARS-CoV-2 could also be selected as the targets. 220 

2.2 Gene sequences    derived from viruses 221 

Influenza virus. The origins of the derived gene are generally classified into two groups: (i) 222 

deriving from the biomarkers of the influenza virus. The most frequently-used RNA transcripts and 223 

DNA oligonucleotides when diagnosing influenza virus are the HA gene of them. (ii) sequences of 224 

DNA derived from influenza virus then amplified by polymerase chain reaction (PCR). Although some 225 

electrochemical biosensors are able to detect gene sequences in the pure samples, there is still distance 226 

before their application to real samples owing to the high background responses from matrix effects 227 

[32]. Therefore, researchers begin to detect the amplified products from PCR to solve the problems 228 

from real samples. Nevertheless, for amplified products, the efficiency will decrease when the targets 229 

and probe hybridize because of interference factors [33]. In fact, it is the ideal that the electrochemical 230 

biosensors do not rely on the PCR technique or less, which may increase workload. Unluckily, the 231 

electrochemical biosensors independent on PCR are chiefly suitable for abundant DNA targets. The 232 

low-abundance DNA analytes even if not depending on PCR, still involve quantitative real-time PCR 233 

[34].  234 

MERS-CoV. The genome of MERS-CoV includes 30,119 nucleotides and 11 open reading frames 235 

(ORF). The first open reading frames (ORF 1a and 1b) at the 5′-Untranslated Regions (UTR) (278 236 

nucleotides) have become essential detecting objects in the MERS-CoV specie identification, which are 237 

predicted to encode nonstructural proteins [35]. The genes downstream to ORF1ab encode for 238 

structural proteins and accessory proteins (Fig. 1). The RNA upstream of the E gene (upE) has also 239 

been recommended by WHO for MERS-CoV detection [36]. Besides, with a sensitivity of ≤10 240 

copies/reaction, identifying the MERS-CoV N gene is an alternative method complementing upE and 241 

ORF 1a approaches, recommended by the US Food and Drug Administration (FDA) [37]. 242 

SARS-CoV-2. Similar to MERS-CoV, the 5’-terminal genome ORF1a/b encode two large 243 

polyproteins, the other ORFs on the genome encode four main structural proteins and accessory 244 

proteins. ORF 1a, ORF 1b, non-structural RNA-dependent RNA polymerase, S gene, N gene of Severe 245 

Acute Respiratory Syndrome coronavirus (SARS-CoV) are the preferred targets for nucleic acid tests 246 

[38]. Owing to the 79% similarity of the whole-genome between SARS-CoV and SARS-CoV-2, 247 

unique primers or guide RNAs are required for distinguishing SARS-CoV-2 with no cross-reactivity 248 

for SARS-CoV [39]. To avoid the “false negative” result, multiple gene sequences are usually detected 249 

simultaneously in the COVID-19 diagnosis. 250 
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 251 

Fig. 1. The genome of SARS-CoV, MERS-CoV and SARS-CoV-2, all of which consist of 252 

conserved replicase domain (ORF 1ab) (blue). The structural genes (green) S, E, M and N encode the 253 

structural proteins: spike (S) protein, envelope (E) protein, membrane (M) protein and nucleocapsid (N) 254 

protein, respectively. Different coronaviruses have different accessory genes (orange). Reproduced with 255 

permission from Ref. [35]. 256 

2.3 Antibodies 257 

Influenza virus. It is well known that the immunoglobulin M (IgM) presents in patients’ blood 258 

after 3–6 days, and immunoglobulin G (IgG) presents after 8 days [40]. Moreover, the specific 259 

antibodies of structural protein are also alternatives for influenza virus detection, such as the antibodies 260 

of HA and NA. The vaccines could induce the increase of virus-specific antibodies about virus invasion 261 

[41]. 262 

MERS-CoV. Generally, antibodies to proteins S, 3a, N, and 9b could be detected in the serum 263 

samples of convalescent-phase patients [42]. Anti-S and anti-N are detectable until week 30, and anti-N 264 

appears earlier than anti-S, so anti-S may be preferable with convalescent sera comparatively [43]. 265 

Whereas, for early diagnosis of diseases related to respiratory viruses, detecting relative specific 266 

antibodies is not appropriate, which may be useful for treating convalescent patients [44]. 267 

SARS-CoV-2. For SARS-CoV-2 infection, IgG against N protein is detectable as early as 4 days 268 

after infection. Zhang et al. [45] have confirmed that IgG and IgM could be detected by enzyme-linked 269 

immuno sorbent assay (ELISA) in the serum of the patients after 5 days of infection. After SARS-CoV 270 

infection, it has been proved that the sensitivity of N-based IgG ELISA (94.7%) is significantly higher 271 

than that of S-based IgG ELISA (58.9%) [46], but there is still no report to present the sensitivity of 272 

SARS-CoV-2 IgG/IgM. 273 

3. Electrochemical biosensors  274 

The development of chemical and biosensors is one of the most active fields in current analysis 275 

and research. Biosensors are small devices including bio-recognition elements and signal transducers, 276 

which can be used for the direct detection of objects in samples [47]. Electrochemical sensors, using 277 

electrodes as energy exchangers, are the important branch of biosensors. Electrochemical sensors 278 

occupy an important position in current biosensors, widely applied in the clinical, industrial, 279 

environmental and agricultural analysis [48-49]. Therefore, we discussed the electrochemical 280 

biosensors utilizing the framework upon the working principles, merits and defects of electrochemical 281 
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biosensors, electrochemical transduction, bio-recognition elements and nanomaterials. The components 282 

and principle as to electrochemical biosensors used for the detection of the respiratory viruses are 283 

displayed in the Fig. 2. 284 

 285 

Fig. 2. Schematic description of components and principle for electrochemical biosensors used in 286 

detection of respiratory viruses. (ssDNA: Single-stranded DNA.) 287 

3.1 Working principles, merits and defects   288 

The biosensor is an analytical system composed of three essential parts: the bio-recognition 289 

element, the transducer and signal output [50]. The diagnosis molecules process could be summarized 290 

as: the targets firstly are recognized by the specific bio-recognition elements via amounts of interaction 291 

like the covalent bond or non-covalent bond; then the changes could be felt by the transducer and 292 

further translated into the digital detector; finally, the digital signals are output by the digital device 293 

such as computers and phones [51]. Particularly, the transducers of the electrochemical biosensors are a 294 

variety of electrodes, such as glassy carbon electrodes, gold electrodes, screen-printed electrodes (SPEs) 295 

and carbon paste electrodes. The electrodes in the electrochemical biosensors provide the platform for 296 

kinds of modification, which aim at improving the property of analytical system: sensitivity, selectivity, 297 

stability, reproducibility and so on [52]. Thus, the well-designed electrochemical biosensors exhibit 298 

abundant advantages: low-cost, quick-response, simple, high sensitivity with the help of electrode 299 

fabrication and the bio-recognition element design [53]. 300 

On the one hand, compared with other transduction processes, that of the electrochemical 301 

biosensors could be completed at the electrochemical workstation at least, which reduce the cost of test 302 

greatly. This is because the electrochemical detection is based on the result of direct electronic signals, 303 

like amperometric, voltammetric and impedimetric changes. Therefore, the detecting process could be 304 

over in a short time [54]. Moreover, the electrochemical biosensors are capable of realizing label-free 305 
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detection without the incorporation with any label, making POCTs possible [55]. In addition, the high 306 

sensitivity of electrochemical biosensors could be ensured by applying the bio-recognition elements 307 

with high specificity and affinity or decorating the electrodes with special materials with excellent 308 

electronic performance [56]. Over the past few years, the electrochemical biosensors have gained 309 

numerous progresses in the analytical field owing to the advantages, especially in the diagnosis of the 310 

pathogens, offering a kind of new possibility for healthcare. The electrochemical biosensors have been 311 

utilized to monitor the virus particles during virus outbreaks in epidemic areas. 312 

On the other hand, even if most of electrochemical biosensors are successfully tested in buffered 313 

solutions or diluted real samples spiked with targets, matrix effects always influence the analytical 314 

performance of the biosensors in practice. Therefore, the stability and accuracy of electrochemical 315 

biosensors remain to be the biggest limitations, especially after repeated usages and long storage. 316 

Besides, owing to some interaction between the biorecognition elements and targets is irreversible, thus 317 

these electrochemical biosensors could only be used once, increasing the cost of testing. 318 

3.2 Electrochemical transduction 319 

There have been a variety of electrochemical biosensors fabricated for respiratory virus detection, 320 

the most commonly used electrochemical techniques are chronoamperometry, cyclic voltammetry (CV), 321 

differential pulse voltammetry (DPV), and square wave voltammetry (SWV) and the electrochemical 322 

impedance spectroscopy (EIS) whose principles are described in reference [57]. Voltammetric 323 

biosensors (CV, DPV and SWV etc.) have been widely implemented for respiratory virus detection 324 

owing to their fast response, less sample, simple preparation and excellent reproducibility. However, on 325 

account of the requirement of the extra electroactive species, its application is limited in some degree 326 

for respiratory virus detection [58]. EIS technique is attractive for biomedical and biological fields in 327 

accordance with the ability of revealing the weak interaction between different species. Moreover, the 328 

EIS is the only research method for studying the interactions between biolayers, which have active 329 

effect on the designing rapid, stable, sensitive and portable electrochemical biosensors for respiratory 330 

virus detection. 331 

 332 

3.3. Bio-recognition elements.  333 

Bio-recognition element is the key component of the electrochemical biosensors. Only when the 334 

recognition of the targets is guaranteed, the later steps can start. Bio-recognition element in the 335 

electrochemical biosensors could be divided into biocatalytic and biocomplexing. Biocatalytic elements, 336 

such as enzymes, cells and tissues, are based on the catalytic reactions for recognizing targets. For 337 

example, enzymes are involved in various chemical sensing applications, which are primarily served as 338 

signal labels in the respiratory virus detection. Enzymes are usually introduced during the secondary 339 

binding process. Biocomplexing elements are the most-frequently used bio-recognition elements in the 340 

respiratory virus detection, which rely on the interaction of targets with macromolecules or organized 341 

molecular assemblies. Antibodies, aptamer and peptide are common bio-recognition elements in the 342 

respiratory virus detection. Some researchers also used imprinted polymers as bio-recognition elements 343 

in the electrochemical biosensors. 344 

 345 
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3.4. Nanomaterials.    346 

The modification of the working electrode is very important in the fabrication process of the 347 

electrochemical biosensors, resulting in the link between analytes in the bulk solution and sensing 348 

interface. The affinity of the biosensors is usually improved by modifying with bio-recognition 349 

elements, and the sensitivity of the biosensors is often enhanced by realizing signal amplification 350 

through the addition of nanomaterials. The common nanomaterials and their properties utilized in 351 

electrochemical biosensing are briefly introduced as followed:  352 

(i) Gold-based nanomaterials. Metallic nanoparticles, owning unique optical/electrical 353 

properties, especially gold nanoparticles (Au NPs) have been served as stable immobilizer 354 

for bio-recognition elements without distorting their bioactivity, meanwhile facilitating 355 

excellent electron transfer between the targets and sensing interface. Both various 356 

functional groups (−SH, −NH2, −CN) and amine or thiol linkers could coordinate Au NPs 357 

attachment forming multilayered bionanocomposite-film on the interface [59].  358 

(ii)  Carbon-based nanomaterials. Graphene oxide (GO), reduced graphene oxide (RGO) and 359 

carbon nanotubes (CNTs) are used under other circumstance in designing biosensors with 360 

high sensitivity. The main advantage of the carbon-based nanomaterials is increasing the 361 

electron transfer rates. Additionally, by chemically functionalizing the surface architecture, 362 

both the electrical conductivity and the surface area could be enhanced and result in the 363 

improvement of the sensitivity of the biosensors [60].  364 

(iii)  Magnetic nanoparticles (MNPs). Their handling and the large variation of surface allow 365 

them to be employed as coating support for further modification, and its high surface 366 

energy and large surface area allow electrons transfer more efficiently at the same time. 367 

Moreover, owing to being controllable by external magnet, when attached with labels and 368 

bio-recognition elements simultaneously, the MNPs are able to realize the reproducible 369 

magnetic virus separation and further signal amplification in the real clinical samples 370 

[61].  371 

4. Electrochemical biosensors for respiratory virus detection 372 

According to the type of bio-recognition element, we divided the electrochemical biosensors for 373 

respiratory virus detection into three groups: nucleic acid-based, immunosensors and other affinity 374 

biosensors. Their advantages and limitations when applied for respiratory virus detection are 375 

summarized in Table 1. Next, we would review the recent electrochemical biosensors for respiratory 376 

virus detection in terms of the classification. 377 

Table 1 Advantages and limitations of common bio-recognition elements applied for respiratory 378 

virus detection. 379 

Type of 

electrochemical 

biosensors 

bio-recognition 

elements 

Advantages limitations 

Nucleic acids-based 

ss-DNA 

 

Detection of ssDNA 

PCR products, easy to 

produce and more 

Limited for gene 

sequence detection, 

strict hybridization 
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stable conditions and 

expensive  

Aptamer Size-smaller, low-cost, 

more stable, 

easy-to-produce and of 

lower immunogenicity 

The strict hybridization 

conditions, long-term 

SELEX process and 

sometimes need 

complex steps 

Immunosensors Monoclonal antibodies 

(mAb) 

More specific than 

pAb, avoiding the 

cross reaction 

Expensive, instable and 

complexity-to-synthesis 

Polyclonal antibodies 

(pAb) 

Less expensive, more 

epitopes and 

mass-productive 

Instable and easily 

appearing cross 

reaction 

Antibody single-chain 

Fv fragments (scFv) 

Highly customizable, 

low variability and 

smaller size compared 

with whole antibody 

Slow synthesis, lower 

affinities compared 

with whole antibodies 

and can’t be produced 

for small molecules 

Others affinity 

biosensors 

Fetuin A Low-cost, selective 

and lower limit of 

detection 

Limited to influenza 

virus 

Peptides Easily being designed 

and prepared 

Less specific compared 

with aptamers and 

antibodies 

Glycans Storing more code 

information 

Limited to a few 

viruses, the affinities 

need to be proved 

further 

 380 

4.1 Nucleic acids-based 381 

Electrochemical biosensors based on nucleic acids as recognition element generally used DNA or 382 

RNA. The DNA or RNA sequences are usually immobilized on the sensing interface. Owing to the 383 

specific binding between probes and targets, the formation on the electrode, like double strand DNA 384 

(dsDNA), could trigger the properties change of the electrode surface, which can be detected via 385 

electrochemical techniques. The electrochemical signals are generally from the electron transfer of 386 

redox-active probe with the electrode, and the common redox-active probes are [Fe (CN)6]
3-/4- and [Ru 387 

(NH3)6]
3+ complexes [62]. Nucleic acid-based electrochemical biosensors own various merits: high 388 

specificity, stability, possibilities for miniaturization, which are very attractive for the fabrication of 389 

biosensors [63]. The nucleic acid-based electrochemical biosensors for respiratory virus detection are 390 

summarized in Table 2. 391 

 392 

Table 2 Nucleic acid-based Electrochemical biosensors for respiratory virus detection 393 
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 394 

Single-stranded (ss) DNA, hairpin DNA, peptide nucleic acid, and locked nucleic acid are the 395 

probe often used in the electrochemical biosensors [73]. The most common probe in kinds of nucleic 396 

acid-based electrochemical biosensors is ssDNA. Specially, aptamer, a kind of ssDNA with high 397 

affinity and selectivity toward targets has been widely utilized in ssDNA-based electrochemical 398 

biosensors. The aptamer is selected from Systematic Evolution of Ligands by Exponential Enrichment 399 

(SELEX), which could combine with targets via interaction like hydrogen bonds, van der Waals forces 400 

[74]. The targets of aptamer can be proteins, nucleic acid or chemical substances. Comparing with 401 

antibodies, the aptamer is size-smaller, low-cost, more stable, easy-to-produce and of lower 402 

immunogenicity, which has considerable potential for developing novel electrochemical biosensors 403 

with high specificity [75].  404 

i) Detection of proteins or whole virus 405 

Bhardwaj et al. [45] selected an ssDNA aptamer against stem region of HA protein of influenza A 406 

virus by five rounds of SELEX. Simultaneously, mini-HA protein and whole H1N1 virus could be 407 

recognized by this aptamer. The dissociation constants (KD) of the developed aptamer are higher than 408 

the average KD of the influenza virus antibodies, which means the affinity of aptamers is superior to 409 

relative antibodies. The specific aptamer was adsorbed on the working areas of the ITO/glass strips 410 

previously functionalized by a polyethylenimine solution, the final aptasensor achieved a H1N1 virus 411 

limit of detection (LOD) of 3.7 plaque-forming units (PFU) per mL. More importantly, six strains of 412 

Type Virus Recognition 

element 

Linear range LOD Electrochemical  

method 

Ref 

Detection 

of 

proteins 

or whole 

virus 

H1N1 aptamer 101 PFU mL-1 - 104 

PFU mL-1 

3.7 PFU mL-1 DPV [45] 

H5N1 DNA probe 1 pM - 100 nM HEPES buffer: 1 pM   

chicken serum: 1 pM 

CV [64] 

AIV anti-AIV NP 

aptamer 

2 nM - 2 μM 1.13 nM CV [65] 

H7N9 DNA tetrahedral 

probe and ssDNA 

1 pM - 100 nM 100 fM amperometry [66] 

H5N1 aptamer 100 fM - 10 pM 100 fM DPV [67] 

H1N1 aptamer against 

inactivated intact 

H1N1  

/ 0.3 ng mL-1 EIS [68] 

Detection 

of PCR 

ssDNA 

products 

H5N1 thiolated ssDNA 

probe 

/ RNA transcripts: 10 

pM 

DNA oligonucleotides: 

1 pM 

SWV [69] 

      

H5N1 ssDNA probe 1 - 10 pM 1.39 pM SWV [70] 

Influenza 

A 

DNA probe 1.0 fM - 1.0 nM 84 aM DPV [71] 

H1N1 HA gene specific 

ssDNA probe 

0.1- 400 ng in 6 μL 0.004 ng in 6 µL EIS [72] 
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H1N1 influenza A viruses could be identified by the aptamer-modified electrode, indicating the 413 

possibility of the rapid subtyping of H1N1 and diagnostic applications. Apart from single aptamer as 414 

recognition element, the most usual detecting assay in aptamer-based biosensor is the 415 

aptamer-target-antibody sandwich method. The dual recognition pattern greatly improves the accuracy 416 

and selectivity of the detection process, decreasing the LOD of biosensors. Diba et al. [67] fabricated 417 

an amperometric bio-affinity electrochemical sensor for avian influenza virus proteins detection with 418 

aptamer modified Au NPs decorated on carbon chips. The electrochemical signals were from the 419 

reaction between alkaline phosphatase (ALP) and 4-amino phenyl phosphate (APP). The current 420 

generated from the Au NPs-aptamer/H5N1/anti-H5N1-ALP sandwich complex with the enzyme 421 

substrate increased with the concentration of H5N1. Differential pulse voltammetry was used for 422 

detection with a linear dynamic range of 100 fM-10 pM. The 100 fM LOD of the aptamer-antibody 423 

sandwich platform compares favorably with commercial antibody ELISA kits. The proposed biosensor 424 

has been used in the detecting H5N1 protein for diluted human serum samples. 425 

However, to immobilize the aptamer, the fabrications of the electrode often involve labeling and 426 

anchoring operation, which required complex steps. In order to solve the problem, Lee et al. [65] 427 

introduced a multi-functional probe which consists of recognition part, signal producing part and 428 

combining part. It was immobilized on the porous Au NPs modified electrode for avian influenza virus 429 

detection. The recognition part was based on the specific aptamer of HA protein. The DNA 3 430 

way-junction probe could realize three steps: recognizing, immobilizing and generating without 431 

additional process and loss of functionality. Besides, the multifunctional DNA probe could also insert 432 

redox probe, functional groups and other aptamers. The multi-functional probe-based electrochemical 433 

biosensor showed the LOD of HA protein at 1 pM in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 434 

acid (HEPES) solution and 1 pM in diluted-chicken serum, respectively. Although the proposed 435 

biosensor didn’t own the lowest LOD, the redox probe labeling step and signal amplification step were 436 

both reduced compared to previous works. 437 

ii)  Detection of PCR ssDNA products 438 

Alafeef et al. [76] reported using antisense oligonucleotides directed electrochemical biosensor 439 

chip for realizing the digital diagnosis. The sensing chip was based on the paper-based electrochemical 440 

sensor chip modified with Au NPs. The highly specific antisense oligonucleotides towards viral N gene 441 

were served as bio-recognition element, yielding a nucleic-acid-testing device with a readout presented 442 

by a hand-held reader. The samples collected from Vero cells infected with SARS-CoV-2 virus and 443 

clinical specimens have been tested for the device, whose incubation time was less than 5 min, with a 444 

sensitivity of 231 (copies μL−1) −1and LOD of 6.9 copies μL-1 without further amplification. For most 445 

nucleic acid-based electrochemical biosensors, the nucleic acid-probes are generally immobilized on 446 

the sensing interface through the attachment between points. The density of the recognition elements 447 

couldn’t be ensured to be homogeneous, resulting in the additional process to block the unspecific 448 

adsorption [77], the DNA nanotechnology has been as the solution to solve the problem. The DNA with 449 

different structures is designed to control the recognition, such as DNA tetrahedra. The three vertices of 450 

the DNA tetrahedra are usually modified with thiol groups, the DNA tetrahedra will attach to the 451 

electrode surface via Au-S bond thus one signal probe could be immobilized on one DNA tetrahedra 452 

with the fourth vertex [61]. Comparing to the conventional point-tethered signal probe, the signal 453 

anchored by DNA tetrahedra present 5000-fold greater affinity [78]. Essentially, because of the high 454 

mechanical rigidity of the DNA tetrahedra, the signal probes will keep an upright orientation on the 455 

electrode surface even without the help of 6-mercapto-1-hexanol (MCH). Latest advances have also 456 
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extended the applications of DNA tetrahedra in nucleic acid-based electrochemical biosensors. Dong et 457 

al. [66] developed a DNA tetrahedra-based electrochemical biosensor for H7N9 virus ssDNA detection, 458 

the amperometric signals were recorded from the interaction between the avidin-horseradish peroxidase 459 

attached to bio-ssDNA (biotin-labeled ssDNA) and 3,3′,5,5′-tetramethylbenzidine substrate. Before 460 

testing, H7N9 virus cDNA was employed to conducting asymmetric PCR for obtain H7N9 virus 461 

ssDNA targets, the dependence degree study of the developed biosensors on PCR is also proceeded, the 462 

results showed ssDNA products from only one cycle of asymmetric PCR could be identified by the 463 

proposed sensor platform. The detection limit of the biosensor for asymmetric PCR ssDNA products 464 

was determined to be 97 fM. The asymmetric PCR ssDNA products and PCR-free samples both could 465 

be distinguished from zero samples by DNA biosensor. It is also the first time that the DNA 466 

tetrahedra-based electrochemical biosensor was proposed to be tested in the clinical samples, which 467 

potentially verified the practicability of DNA tetrahedra probe (Fig. 3). 468 

 469 

Fig. 3. A DNA tetrahedral nanostructure-based electrochemical biosensor was developed to detect 470 

avian influenza A (H7N9) virus through recognizing a fragment of the hemagglutinin gene sequence. 471 

Biotin-labeled (bio)-ssDNA was the bio-recognition element toward targets, which also could combine 472 

with avidin-horseradish peroxidase (HRP) probes through biotin-avidin interaction. The DNA 473 

hybridization hence was transformed into the redox reaction of TMB (enhanced K-blue substrate) and 474 

H2O2. Reproduced with permission from Ref. [66]. 475 

Zhao et al. [79] firstly proposed supersandwich-type electrochemical biosensor regarding 476 

SARS-CoV-2 from COVID-19 patients by a smartphone (Fig. 4). The supersandwich-type 477 

electrochemical biosensor included: capture probe (CP), auxiliary probe (AP), label probe (LP), and 478 

target sequence. The 5′- and 3′-terminals of target sequence are complementary to CP and LP, 479 

respectively. The 5′- and 3′-regions of AP have complementary sequences with two LP regions. The 480 

detection was based on using CP and LP, AP and LP to hybridize frequently for producing long 481 

concatemers, resulting in high sensitivity. Besides, p-sulfocalix[8]arene functionalized graphene was 482 

utilized to enrich toluidine blue, which was an approach of facilitating of LP with signal probes for 483 

selectivity enhancement. The detectable ratios (85.5% and 46.2%) were rather higher than those that 484 

were obtained using RT-PCR (56.5% and 7.7%) according to the testing for 88 RNA extracts from 25 485 

SARS-CoV-2-confirmed patients and eight recovery patients. 486 
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 487 

Fig. 4. Schematic representation of SARS-CoV-2 detection using the electrochemical biosensor. 488 

(A) Prepare of premix A and B; (B) Process of electrochemical detection using a smartphone. 489 

Reproduced with permission from Ref. [79]. 490 

 491 

Totally, for nucleic acids hybridization assays, electrochemical biosensors based on nucleic acids 492 

probe is the first choice, and aptasensors are suitable for both nucleic acids and other small molecules. 493 

The affinity of the probe depending by the sequences selection of the probe mostly decides the 494 

specificity of the electrochemical biosensors. The conditions of the hybridization such as the buffer 495 

composition and temperatures are also the influencing factors. Therefore, the design of electrochemical 496 

biosensors based on nucleic acids probe are comparatively strict. Besides, when the sensitivity of the 497 

biosensor is insufficient, it is common to use tagged hairpin probes or hybridized tapered sequences as 498 

amplification steps, which may add additional experimental steps.  499 
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4.2 Immunosensors 500 

Antibodies are the bio-recognition elements of the electrochemical immunosensors. Antibodies are 501 

a series of serum proteins produced by B-lymphocytes and plasma cells, which could recognize and 502 

bind the targets (antigens). The antibody contains two antibody fragment-antigen binding (Fab) that are 503 

held by the key hinge disulfide bridges. The disulfide-termed Fab fragments are named Fab’ which 504 

allow the binding with the sensing interface via the covalent bond [80]. Antibodies are the workhorse in 505 

commercial and lab bioanalytical assays due to their high specificity, extreme affinity and great 506 

sensitivity, showing interesting applications for detecting virus, proteins, and cancer cells [81]. The 507 

antibodies could be obtained by amounts of methods, natural or recombinant, as monoclonal or as 508 

polyclonal. Nevertheless, comparing to the nucleic acid elements, the defects of the antibodies are 509 

high-cost, instability, complexity-to-synthesis, the affinity of which may be affected by adding the 510 

signal tags, and can’t be used for small molecules, drugs and metal ions [82]. 511 

The most prominent antibodies in respiratory virus detection are monoclonal antibodies (mAb), 512 

polyclonal antibodies (pAb) and antibody single-chain Fv fragments (scFv). mAb are more specific 513 

than pAb because mAb could only combine with single epitope hence avoiding the cross reaction, and 514 

the pAb are produced towards various epitopes on a single antigen [83]. While the pAb are less 515 

expensive and mass-productive providing the widespread application in biosensors construction. The 516 

scFv fragments include one light chain and one heavy chain with a molecular weight of 30 kDa, with 517 

smaller size compared with whole antibody and low variability, the scFv fragments are brilliant for 518 

antigen capture [84]. The merits of the antibody-antigen reaction are high specificity, reversible binding 519 

between surface chemical groups, suitable ratio and concentration and staged reaction. The special 520 

properties of antibody-antigen reaction make antibody-based electrochemical biosensors being one of 521 

the most versatile and available detection tools for respiratory virus. The antibody-based 522 

electrochemical biosensors for respiratory virus detection are summarized in Table 3.  523 

Table 3 Antibody-based electrochemical biosensors for respiratory virus detection 524 

Type Label Virus Recognition 

element 

Linear range LOD Assay 

time 

Electrochemical  

method 

Ref 

Label-free 

/ H1N1, 

H3N2 

Anti-M1 

antibody 

/ 50 fg mL-1 0.1 h EIS [85] 

/ MERS-CoV, 

HCoV 

Anti-recombinant 

spike protein S1 

antibody 

MERS-CoV: 1.0 

pg mL−1 

HCoV: 0.4 pg 

mL−1 

MERS-CoV: 

0.001 - 100 

ng mL−1  

HCoV: 0.01 

- 10,000 ng 

mL−1  

20 

min 

SWV [86] 

/ H5N1 scFv against HA 

H5 

The short 

fragment: 0.6 pg 

mL-1 

The long fragment: 

0.9 pg mL-1 

The short 

fragment: 

4.0 - 20 pg 

mL-1 

The long 

fragment: 

/ SWV [87] 
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1.0 - 8 pg 

mL-1 

/ H1N1 mAb 0.5 PFU mL−1 1 - 104 PFU 

mL−1 

/ Chronoamperometry [88] 

/ AIV H7 H7-mAb and 

H7-pAb 

1.6 pg mL-1 1.6 pg mL-1 

-16 ng mL-1 

/ LSV [89] 

/ H1N1 Goat 

anti-influenza A 

antibody 

113 PFU mL−1 10 - 104 

PFU mL−1 

30 

min 

DPV [90] 

/ Influenza 

virus 

Anti-M1 

antibody 

1 fg mL−1 in saliva 

bu erff  

/ 5 min EIS [91] 

/ H5N1, 

H1N1 

mAb against the 

HA proteins  

H5N1: 9.4 pM 

H1N1: 8.3 pM 

25 – 500 pM 1 min Chronoamperometry [92] 

/ H1N1 Anti-H1N1 

antibody 

Phosphate-buffered 

saline: 26.04 PFU 

mL-1 

diluted saliva: 

33.11 PFU mL-1 

10 – 104 

PFU mL-1 

/ EIS [93] 

Label-based 

MNP H9N2 Anti-M2 

antibody 

8-128 HAU 8 HAU 160 s Chronoamperometry [94] 

HRP H1N1, 

H5N1 and 

H7N9 

Anti-H1N1, 

H5N1 and H7N9 

antibodies 

1 pg mL-1 - 10 ng 

mL-1 

1 pg mL-1 / Amperometry  [95] 

MNP H5N1 Anti-H5N1 

antibody 

0.0025-0.16 HAU 0.0022 

HAU in 6 

µL 

/ CV [96] 

HRP H1N1 Anti-influenza A 

HA antibody 

/ 5 PFU mL-1 

for saliva 

samples 

6 min EIS [97] 

MNP H7N9 mAb and 

biotinylated 

antibody 

0.011 ng mL-1 0.02 - 50 ng 

mL-1 

1.5 h LSV [98] 

Fluorescence 

MNP 

 

H7N9 mAb and pAb  7.8 fg mL−1 0.01 - 1.5 pg 

mL−1 

/ LSV [99] 

MNP H7N9 mAb and rabbit 

derived pAb 

6.8 pg mL−1 0.01 – 20 ng 

mL−1 

/ LSV [100] 

 525 

According to different antibodies application, usually mimicking ELISA, the antibody-based 526 

electrochemical biosensors consist the following patterns: standard (non-competitive), competitive 527 
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direct, competitive indirect and sandwich. Generally, the specific antibodies are immobilized on the 528 

transducer surface in the respiratory virus detection, hence standard (non-competitive) and sandwich 529 

are the most used antibody formats in the respiratory virus detection with electrochemical biosensors. 530 

Competitive direct and competitive indirect are less commonly used, because respiratory viruses are 531 

usually small-sized, and difficult to be attached on the electrode surface. Furthermore, depending on if 532 

the labels are used, the antibody-based electrochemical biosensors could be divided into label-free 533 

immunosensors and label-based immunosensors. 534 

Label-free Immunosensors. Standard is the representative antibody format in label-free 535 

immunosensors. The virus particles are captured by the antibodies modified electrode, generating the 536 

properties change of sensing interface. The signals could be detected directly with the electrochemical 537 

workstation. Label-free electrochemical biosensors are the fastest and simplest with high selectivity 538 

and non-cross-reactivity, widely used in the rapid and stable monitoring of respiratory viruses. EIS is 539 

the most commonly used electrochemical techniques in the label-free immunosensors, the change from 540 

before and after binding to the targets are directly transferred into the change of the interfacial 541 

impedance or the change in charge transfer resistance to electroactive probe dissolved in electrolyte. 542 

Nidzworski et al. [91] employed the boron-doped diamond (BDD) electrode functionalized with 543 

polyclonal anti-M1 antibodies for influenza virus detection. The BBD electrode was dealt with 544 

4-aminobenzoic acid for forming self-assembled monolayer (SAM), then anti-M1 antibodies could be 545 

immobilized on the SAM. Hence, the M1 protein was captured onto the BBD electrode, of which 546 

changed the impedance spectra. The electrochemical biosensor has a LOD of 1 fg mL-1 M1 protein in 547 

saliva bu er within 5 minutes, per sample which corresponds to 5ff -10 virus particles. Besides, the assay 548 

has been verified by applying into different strains of influenza A virus. Meanwhile, as label-free 549 

electrochemical biosensors need more simple sensing protocol, they have been integrated with portable 550 

devices. Singh et al. [88] reported a novel label-free RGO-modified electrochemical immunosensor, 551 

cooperated with a microfluidic platform for influenza A H1N1 virus detection (Fig. 5). The three 552 

microelectrodes were fabricated on the glass substrate, then modified with RGO and mAb, and 553 

encapsulated with a polydimethylsiloxane (PDMS) microchannel finally. The amino groups on 554 

antibodies could form the direct linkage with amounts of carboxyl groups on RGO surface in absence 555 

of linker or spacer. Moreover, the large surface area of RGO presents lots of defects and electroactive 556 

sites, hence improving the sensitivity. The microfluidic label-free immunosensor presented excellent 557 

linear range of 1 to 104 PFU mL−1 and improved LOD (0.5 PFU mL−1), exhibiting the potential of 558 

being handheld multianalyte sensing devices for clinical diagnosis. Label-free methods do not integrate 559 

any amplification step which could limit their sensitivity. 560 

 561 
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 562 

 563 

Fig. 5. Schematic illustration of the microfluidics-integrated electrochemical immunosensing chip coated with 564 

RGO, followed by antibody immobilization using EDC/NHS coupling for the detection of influenza virus H1N1. 565 

Reproduced with permission from Ref. [88]. 566 

 567 

Label-based Immunosensors. Sandwich is the common antibody format in the respiratory virus 568 

detection with label-based immunosensors. The detected antigen is sandwiched between two antibodies, 569 

one of which are attached on the transducer surface, called capture antibody. The other one is the 570 

detection antibody, which is usually labeled with enzyme, nanomaterials or biotin, it can directly 571 

measure the amount of antigen. The dual-recognition consolidate the specificity of the biosensors and 572 

own better label availabilities. The pAb and mAb are the most frequently used antibody combination in 573 

the sandwich-based immunosensors. Owing to the capture antibody will be attached to the electrode, 574 

the multi-site binding of antibody and antigen is restricted, so if pAb served as capture antibody, the 575 

advantage of high affinity cannot be exerted well. In addition, some pAb may occupy the epitope of 576 

mAb, resulting in less binding amount of detection antibody. Therefore, the mAb is often as capture 577 

antibody, and pAb is as detection antibody. For instance, Wu et al. [99] according to the ELISA 578 

designed the ultrasensitive electrochemical biosensors for H7N9 virus counting. The microelectrode 579 

array was modified with Au NPs and mAb, the MNPs decorated with Fe3O4 nanoparticles and quantum 580 

dots were incubated with pAb and ALP, forming bifunctional fluorescence magnetic nanospheres 581 

(bi-FMNs). The fact that pAb could conjugated with modified MNPs was supported by the color 582 

change of the fluorescence. Firstly, a single virus could be separated from the complex samples by one 583 

bi-FMNs at most, which is controllable by the proportion of bi-FMNs to virus concentration. Then 584 

abundant complexes were transferred into the electrolyte, captured by the mAb modified 585 

microelectrode assay. Because the ALP on the bi-FMNs can catalyze the dephosphorylation of 586 
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p-aminophenyl phosphate monohydrate (p-APP) to produce p-aminophenol (p-AP), hence inducing the 587 

reduction from Ag+ to Ag0 on the sensing interface. The changes from the Ag deposition could be 588 

recorded by linear sweep voltammetry. Finally, signals are counted as “0” or “1” depending on digital 589 

analysis, the virus concentrations could be estimated through the probability of “0”. The LOD of the 590 

label-based immunosensor was 7.8 fg mL-1, which was 1-3 orders of magnitude more sensitive than 591 

previous research. Not all sandwich-based immunosensors use pAb and mAb as receptors, other 592 

bio-recognition elements are also suitable for sandwich format. Sayhi et al. [94] employed anti-Matrix 593 

protein 2 (M2) antibody attached to MNPs and fetuin modified with Au NPs for electrochemical 594 

detection of H9N2 virus, the sandwich conformation was finally separated from real samples by 595 

applying a permanent magnetic field (Fig. 6). After the treatment in acid solution, the sandwich 596 

conformation was destroyed, the MNPs were removed by magnet. Because Au NPs can catalyze the 597 

hydrogen ions reduction in acidic medium under an appropriate potential, the Au NPs were deposited 598 

on the electrode and generated current signals, which was also proportional to the virus titer. The 599 

proposed immunosensor displayed the linear relationship between the virus titer in range 8-128 600 

hemagglutination unit (HAU) and cathodic current, with LOD of less than 16 HAU titer. Although the 601 

LOD is higher than already published immunosensors, the approach with short detection time leaves 602 

out pretreatment steps and overcomes the difficulty of the virus separation from the bulk phase. 603 

Generally speaking, the sandwich-based immunosensors are of high sensitivity, high specificity, whose 604 

antigen without prior purification. Undeniably, the label-based detection procedures are 605 

time-consuming and an antigen must have at least two antibody binding sites. 606 
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 608 

 609 

Fig. 6. (A) Schematic illustration of the strategy used to develop the gold nanoparticle-based 610 

chronoamperometric magneto-immunosensor for influenza virus detection. The influenza virus could 611 

be recognized by anti-Matrix protein 2 (M2) antibody modified magnetic nanomaterials (MNP) and 612 

fetuin decorated Au NPs. (B) Chronoamperometric curves obtained without influenza virus (Allantoic 613 

fluid) and with 8; 16; 32; 64 and 128 hemagglutinin Units (HAU) of the virus (upper panel). (C) 614 

Diagrams (lower panel) correspond to the response of the magneto immunoassay to various influenza 615 

virus titers ranging from 8 HAU to 128 HAU (blue) and to various concentration of non-infected 616 

allantoic fluid in 1 M HCl solution (red). SPCE: Screen-printed carbon electrode. Reproduced with 617 

permission from Ref. [94]. 618 

4.3 Other affinity biosensors 619 

Except for nucleic acid, antibodies, there have been other kinds of bio-recognition element 620 

presented in the electrochemical biosensors for respiratory virus detection: fetuin A, peptides and 621 

glycan. 622 

Fetuin A. Fetuin A is a kind of glycoprotein derived from fetal calf serum, every fetuin A has 623 

terminal 12-14 sialic acid residues. Fetuin A is diffusely cooperated with peanut agglutinin (PNA) 624 

lectin [101]. Owing to the fact that fetuin A could combine with different influenza virus via NA 625 

protein, it could serve as bio-recognition element in influenza A detection with lower cost and high 626 

selectivity. For example, Anik et al. [102] developed an electrochemical biosensor based on 627 

graphene-Au hybrid nanocomposite for recognizing influenza A. The biosensor utilized fetuin A as 628 

bio-recognition element: Firstly, the fetuin A was immobilized onto the electrode surface for NA 629 

protein capture, and PNA specific binding sites would display after the interaction, then washed the NA 630 

protein on the SPEs, because the sugars from fetuin A have been masked by NA protein, the PNA lectin 631 

hence could bond to the N-acetylgalactosamine galactose-(Gal β1-3GalNAc). The resistance changes 632 

on the electrode surface were recorded by electrochemical impedance spectroscopy. The biosensor has 633 

a linear range between 10-8
 U mL-1 and 10-1 U mL-1, which has been applied into H9N2 detection in 634 

real samples. Besides, the biosensor’s LOD of 10-8
 U mL-1 is lower than LOD values of ELISA assays 635 

relying on NA activity or antibody-antigen interaction. 636 

Peptides. Easily being designed and prepared, peptides are theoretically favorable for antigens 637 

and drugs measurement. Previous studies showed the pentapeptide Ala-Arg-Leu-Pro-Arg is available to 638 

combine with the binding sites of all kinds of HA protein [103]. Surely, the corresponding N-stearoyl 639 

derivatives and carbosilane-based dendrimers could inhibit the activity of seasonal H1N1 and H3N2 640 

except for H1 and H3 HAs [104]. Therefore, Matsubara et al. [105] modified the BDD electrode with a 641 

sialyloligosaccharide receptor-mimic peptide, the density of the peptide and dendrimer generation 642 

terminated on the electrode could affect the probability that the respiratory virus were captured by the 643 

functionalized electrode. Electrochemical impedance spectroscopy was used for the virus identification 644 

according to the resistance variation. The proposed electrochemical biosensor could isolate the avian 645 

virus particles from H5N3, H7N1 and H9N2, presenting the satisfactory specificity and practicability. 646 

Faced with the antigenic drift and new subtypes of the respiratory, the designed peptide dendrimer has 647 

great potential as antibodies candidates. Besides, Tara Bahadur et al. [106] developed an 648 

electrochemical biosensor toward influenza virus particles based on the selection of electrosensitive 649 
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peptide ligand in vitro (Fig.7). The electrochemically sensitive 3,4-ethylenedioxythiophene (EDOT) 650 

moiety was modified with a peptide ligand then worked as electro-polymerization monomers. In the 651 

scheme, the real samples were mixed with the solution including the peptide ligand-EDOT monomers. 652 

The presentation of the virus particles would influence the electro-polymerization of the peptide 653 

ligand-EDOT monomers on the electrode surface, consequently affecting the efficiency of the electron 654 

transfer between the redox molecules and the electrode. The LOD of the detection system was found to 655 

be 12.5 μg mL-1, which is 2.5-fold more sensitive than the dot blot immune assay or conventional rapid 656 

diagnosis test. The “turn-on system”: the current increases when there is influenza virus doesn’t need 657 

negative control measurement for practical application. 658 

 659 

 660 

 661 

Fig. 7. Strategy for detection of influenza virus using an electrosensitive peptide ligand. Reproduced 662 

with permission from Ref. [106]. 663 

 664 

Glycans. Glycans are a kind of complicated carbohydrates which usually form the dense sugar 665 

layer on the numerous cell surface. The cell-cell recognition and host-pathogen interactions are both 666 

realized through the glycan coat [107]. For instance, in the influenza A virus infection process, HA 667 

protein interact with host glycans terminated in sialic acid firstly. Compared with DNA and proteins, 668 

the glycans could store more code information as there are over 10 million glycan molecules on the cell 669 

surface [108]. The function of glycan bio-recognition has been applied into the development of the 670 

diagnosis approaches and vaccines design. Hushegyi et al. [109] utilized glycans as natural viral 671 

receptors in the impedimetric biosensor design for inactivated, but intact influenza virus H3N2 672 

detection. The gold electrode surface functionalized with thiols bearing oligoethylene glycol moieties 673 

formed a mixed SAM layer (self-assembled monolayer) for glycan immobilization. The biosensor 674 

could detect at least 13 virus particles in 1 μL real samples, revealing a LOD of 5 aM. It was the lowest 675 

LOD for influenza virus detection compared with published glycan-based electrochemical biosensors at 676 

that time. However, the application of glycans is limited to a few respiratory viruses, and the affinities 677 
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of glycans need to be proved further. 678 

5. Future challenges  679 

The global health crisis of the COVID-19 pandemic defines the greatest challenge the world is 680 

faced with at the present time, with the most important focus being the sensitivity and specificity 681 

enhancement, to which current innovations should pay attention for early detection of COVID-19 682 

disease or future pandemic strains. Simple, low cost, easy to operate and fast-response electrochemical 683 

biosensors exactly meet the potential to be integrated into POCTs for COVID-19 diagnosis. Although 684 

efforts have been put to design electrochemical biosensors for COVID-19 diagnosis, few portable 685 

electrochemical biosensors were produced. There still exists numerous challenges to move from the 686 

bench to their use in POCTs. 687 

The sample preparation. A large number of interferers, such as proteins, antibodies, DNA, cells, 688 

etc in various complex samples can disrupt the detection process of the targets. The sample 689 

pretreatment requirement before analysis to exclude the influence of matrix effects is a main impact 690 

factor for specificity and sensitivity improvement. So how to isolate the viruses from the real samples 691 

is the key step during the sample preparation. The viruses usually only occupy a small volume of the 692 

whole volume, so there is always a small possibility for virus to be captured by the receptor on the 693 

transducer when the whole volume is very small. Obviously, the viruses couldn’t be concentrated 694 

without any preparation. At present, the use of magnetic nanoparticles and selecting most perfect 695 

bio-recognition elements are the two main approaches for solving the problem. For example, the 696 

specific receptors are coupled with MNPs to capture and separate the targets from complex sample; the 697 

association constant of the antibody should be maximized during the antibody selection. 698 

The immobilization of the bio-recognition elements. The immobilization process of the 699 

bio-recognition elements is vital to reduce mistakes and errors during virus detection. Currently, the 700 

key recognition interaction in many electrochemical biosensors is often irreversible, hence the initial 701 

properties couldn’t be restored after every detection, the biosensor part should be disposable, which is 702 

the rule for medical consumables. Moreover, during the modification process, the affinity of 703 

bio-recognition elements is related to the immobilization process, and the efficiency of the 704 

immobilization can influence that of detection. How to ensure that the receptor distribution on the 705 

electrode surface is uniform and roughly the same between the same batch, without affecting the 706 

efficiency of receptor recognition is the question for most portable electrochemical biosensors to be 707 

considered. 708 

The miniaturization of the system. Basically, a whole research process of the available 709 

electrochemical biosensor-based POCTs includes: optimization of the operation condition, integrating a 710 

sensing chip with micro-/nanoelectronics, and interfacing of the sensing platform with a wireless 711 

device, transforming into on-site analytical devices, big data analytics and result output [79]. The 712 

development of the whole smart sensing system is a multidisciplinary project and need public−private 713 

participation. POCTs aim to be carried out close to the patients, the sample volumes, reagent use, 714 

transducer and power all need to be miniaturized without reducing the current density and transfer 715 

characteristics, and the whole system needs to be wearable and wireless. Most of the electrochemical 716 

biosensors own excellent properties and could easily be miniaturized and then should be associated 717 

with the whole system.  718 

The reproducibility and stability. To guarantee the accuracy of the POCTs, the reproductivity 719 
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and stability of electrochemical biosensors should be improved dramatically. In a whole fabrication 720 

process of the electrochemical biosensor, there are many influencing factors: environmental conditions, 721 

operating procedures, performance of the instrument. Among these, the most difficult to be automatized 722 

is the manual steps for the preparation of the biosensor. Besides, the stability of the POCTs is also 723 

supposed to be excellent, because the storage conditions are often difficult to achieve at the laboratory 724 

level, before its use.  725 

Environment-friendly and the cost. The environment-friendly and cheap POCTs are often the 726 

last hurdle before a biosensor is implemented for POCTs. With the development of material science, 727 

numerous nanomaterials have been introduced into the electrochemical biosensors. The potential health 728 

impacts and environmental pollution from the widespread usage of the nanomaterials could not be 729 

ignored. Besides, the cost of the POCTs should be affordable for primary medical institutions. 730 

Therefore, the materials used in the equipment manufacturing process should be as low-cost as possible 731 

meanwhile without affecting the performance. Now, paper-based microfluidic devices are relatively 732 

environmentally friendly and low-cost, therefore having been the most frequently used substrate 733 

platform. Carbon-based nanomaterials are also the excellent green alternative with less pollution. 734 

It is evident that great effort is still required to overtake above challenges in the portable 735 

electrochemical biosensor design for SARS-CoV-2 POCTs detection, but we still believe that with the 736 

increasing trend in multidisciplinary integration, the ideal POCTs for COVID-19 diagnosis will be 737 

produced just around the corner. 738 

6. Conclusion 739 

Overall, we have presented the common detecting targets of the respiratory viruses, key parts of 740 

electrochemical biosensors design and discussed different bio-recognition element-based 741 

electrochemical biosensors. Future challenges in electrochemical biosensors for respiratory virus 742 

determination, especially for application in POCTs are discussed. In every section, several examples 743 

were explained, and all the analytical performance of recent developments are gathered in tables with 744 

their detection limits. We believe that the advancements from core technologies at multiple-disciplines 745 

areas will offer great potential of a next generation of highly specific, sensitive, selective, and reliable 746 

electrochemical biosensors for respiratory virus detection. More urgently, the developed 747 

electrochemical biosensors could make for better surveillance and control of SARS-CoV-2 infection in 748 

populations. 749 

Declaration of interests 750 

None 751 

Acknowledgments 752 

This work was supported by the key research and development project of Hubei province, China (NO. 753 

2020BCB022), High-level foreign expert introduction program, China (No. G20200227010). CNRS is 754 

acknowledged for support through IRN MAREES # 0876. 755 

  756 

Jo
urn

al 
Pre-

pro
of



 

27 

 

References 757 

[1] A. Parihar, P. Ranjan, S.K. Sanghi, A.K. Srivastava, R. Khan, Point-of-Care Biosensor-Based 758 

Diagnosis of COVID-19 Holds Promise to Combat Current and Future Pandemics, ACS Applied Bio 759 

Materials. (2020). https://doi.org/10.1021/acsabm.0c01083. 760 

[2] N. Zhang, L. Wang, X. Deng, R. Liang, M. Su, C. He, L. Hu, Y. Su, J. Ren, F. Yu, L. Du, S. Jiang, 761 

Recent advances in the detection of respiratory virus infection in humans, Journal of Medical Virology. 762 

92 (2020) 408–417. https://doi.org/10.1002/jmv.25674. 763 

[3] M. Khoury, J. Cuenca, F.F. Cruz, F.E. Figueroa, P.R.M. Rocco, D.J. Weiss, Current status of 764 

cell-based therapies for respiratory virus infections: Applicability to COVID-19, European Respiratory 765 

Journal. 55 (2020). https://doi.org/10.1183/13993003.00858-2020. 766 

[4] M.M. Azar, L. Landry, Detection of Influenza A and B Viruses and Respiratory, Journal of Clinical 767 

Microbiology. 1988 (2018) 1–13. 768 

[5] https://www.who.int/emergencies/diseases/novel-coronavirus-2019 769 

[6] M.G. Ison, H.H. Hirsch, Community-acquired respiratory viruses in transplant patients: Diversity, 770 

impact, unmet clinical needs, Clinical Microbiology Reviews. 32 (2019) 1–33. 771 

https://doi.org/10.1128/CMR.00042-19. 772 

[7] J.M. Heraud, N.H. Razanajatovo, C. Viboud, Global circulation of respiratory viruses: from local 773 

observations to global predictions, The Lancet Global Health. 7 (2019) e982–e983. 774 

https://doi.org/10.1016/S2214-109X(19)30277-3. 775 

[8] Y. Pan, D. Zhang, P. Yang, L.L.M. Poon, Q. Wang, Viral load of SARS-CoV-2 in clinical samples, 776 

The Lancet Infectious Diseases. 20 (2020) 411–412. https://doi.org/10.1016/S1473-3099(20)30113-4. 777 

[9] J. Broughton, X. Deng, G. Yu, C. Fasching, J. Singh, J. Streithorst, A. Granados, A. 778 

Sotomayor-Gonzalez, K. Zorn, A. Gopez, E. Hsu, W. Gu, S. Miller, C.-Y. Pan, H. Guevara, D. Wadford, 779 

J. Chen, C. Chiu, Rapid Detection of 2019 Novel Coronavirus SARS-CoV-2 Using a CRISPR-based 780 

DETECTR Lateral Flow Assay, MedRxiv: The Preprint Server for Health Sciences. (2020) 1–28. 781 

https://doi.org/10.1101/2020.03.06.20032334. 782 

[10] A. Sakurai, K. Takayama, N. Nomura, N. Kajiwara, M. Okamatsu, N. Yamamoto, T. Tamura, J. 783 

Yamada, M. Hashimoto, Y. Sakoda, Y. Suda, Y. Kobayashi, H. Kida, F. Shibasaki, Fluorescent 784 

immunochromatography for rapid and sensitive typing of seasonal influenza viruses, PLoS ONE. 10 785 

(2015). https://doi.org/10.1371/journal.pone.0116715. 786 

[11] H. Tani, M. Kimura, L. Tan, Y. Yoshida, T. Ozawa, H. Kishi, S. Fukushi, M. Saijo, K. Sano, T. 787 

Suzuki, H. Kawasuji, A. Ueno, Y. Miyajima, Y. Fukui, I. Sakamaki, Y. Yamamoto, Y. Morinaga, 788 

Evaluation of SARS-CoV-2 neutralizing antibodies using a vesicular stomatitis virus possessing 789 

SARS-CoV-2 spike protein, Virol. J. 18(2021)16. https://doi.org/10.1186/s12985-021-01490-7. 790 

[12] Q.X. Long, B.Z. Liu, H.J. Deng, G.C. Wu, K. Deng, Y.K. Chen, P. Liao, J.F. Qiu, Y. Lin, X.F. Cai, 791 

D.Q. Wang, Y. Hu, J.H. Ren, N. Tang, Y.Y. Xu, L.H. Yu, Z. Mo, F. Gong, X.L. Zhang, W.G. Tian, L. Hu, 792 

X.X. Zhang, J.L. Xiang, H.X. Du, H.W. Liu, C.H. Lang, X.H. Luo, S.B. Wu, X.P. Cui, Z. Zhou, M.M. 793 

Zhu, J. Wang, C.J. Xue, X.F. Li, L. Wang, Z.J. Li, K. Wang, C.C. Niu, Q.J. Yang, X.J. Tang, Y. Zhang, 794 

X.M. Liu, J.J. Li, D.C. Zhang, F. Zhang, P. Liu, J. Yuan, Q. Li, J.L. Hu, J. Chen, A.L. Huang, Antibody 795 

responses to SARS-CoV-2 in patients with COVID-19, Nature Medicine. 26 (2020) 845–848. 796 

https://doi.org/10.1038/s41591-020-0897-1.  797 

[13] E. Cesewski, B.N. Johnson, Electrochemical biosensors for pathogen detection, Biosensors and 798 

Bioelectronics. 159 (2020) 112214. https://doi.org/10.1016/j.bios.2020.112214. 799 

[14] I.S. Kucherenko, Y. v. Topolnikova, O.O. Soldatkin, Advances in the biosensors for lactate and 800 

Jo
urn

al 
Pre-

pro
of



 

28 

 

pyruvate detection for medical applications: A review, TrAC - Trends in Analytical Chemistry. 110 801 

(2019) 160–172. https://doi.org/10.1016/j.trac.2018.11.004. 802 

[15] Park TJ, Hyun MS, Lee HJ et al (2009) A self-assembled fusion protein- based surface plasmon 803 

resonance biosensor for rapid diagnosis of severe acute respiratory syndrome. Talanta 79:295–301. 804 

https://doi.org/10.1016/j.talanta.2009.03.051. 805 

[16] M. Soler, M.C. Estevez, M. Cardenosa-Rubio, A. Astua, and L. M. Lechuga, How Nanophotonic 806 

Label-Free Biosensors Can Contribute to Rapid and Massive Diagnostics of Respiratory Virus 807 

Infections: COVID-19 Case, ACS Sens. 5 (2020) 2663−2678. 808 

https://dx.doi.org/10.1021/acssensors.0c01180 809 

[17] L. Zhan, S.J. Zhen, X.Y. Wan, P.F. Gao, C.Z. Huang, A sensitive surface-enhanced Raman 810 

scattering enzyme-catalyzed immunoassay of respiratory syncytial virus, Talanta 148 (2016) 308–312. 811 

http://dx.doi.org/10.1016/j.talanta.2015.10.081. 812 

[18] F. Cui, H.S. Zhou, Diagnostic methods and potential portable biosensors for coronavirus disease 813 

2019, Biosensors and Bioelectronics. 165 (2020) 112349. https://doi.org/10.1016/j.bios.2020.112349. 814 

[19] J.R. Anusha, B.C. Kim, K.H. Yu, C.J. Raj, Electrochemical biosensing of mosquito-borne viral 815 

disease, dengue: A review, Biosensors and Bioelectronics. 142 (2019) 111511. 816 

https://doi.org/10.1016/j.bios.2019.111511. 817 

[20] A. Kaushik, S. Tiwari, R.D. Jayant, A. Vashist, R. Nikkhah-Moshaie, N. El-Hage, M. Nair, 818 

Electrochemical Biosensors for Early Stage Zika Diagnostics, Trends in Biotechnology. 35 (2017) 308–819 

317. https://doi.org/10.1016/j.tibtech.2016.10.001. 820 

[21] E. Rasouli, Z. Shahnavaz, W.J. Basirun, M. Rezayi, A. Avan, M. Ghayour-Mobarhan, R. 821 

Khandanlou, M.R. Johan, Advancements in electrochemical DNA sensor for detection of human 822 

papilloma virus - A review, Analytical Biochemistry. 556 (2018) 136–144. 823 

https://doi.org/10.1016/j.ab.2018.07.002. 824 

[22] B.V. Ribeiro, T.A.R. Cordeiro, G.R. Oliveira e Freitas, L.F. Ferreira, D.L. Franco, Biosensors for 825 

the detection of respiratory viruses: A review, Talanta Open. 2 (2020) 100007. 826 

https://doi.org/10.1016/j.talo.2020.100007. 827 

[23] R. Samson, G.R. Navale, M.S. Dharne, Biosensors: frontiers in rapid detection of COVID 19ff , 3 828 

Biotech 10 (2020) 385. https://doi.org/10.1007/s13205-020-02369-0. 829 

[24] M.R. de Eguilaz, L.R. Cumba, R.J. Forster, Electrochemical detection of viruses and antibodies: A 830 

mini review, Electrochemistry Communications. 116 (2020) 106762. 831 

https://doi.org/10.1016/j.elecom.2020.106762. 832 

[25] P.P. Nelson, B.A. Rath, P.C. Fragkou, E. Antalis, S. Tsiodras, C. Skevaki, Current and Future 833 

Point-of-Care Tests for Emerging and New Respiratory Viruses and Future Perspectives, Frontiers in 834 

Cellular and Infection Microbiology. 10 (2020). https://doi.org/10.3389/fcimb.2020.00181. 835 

[26] Y. Li, R.M. Reeves, X. Wang, Q. Bassat, W.A. Brooks, C. Cohen, D.P. Moore, M. Nunes, B. Rath, 836 

H. Campbell, H. Nair, S. Acacio, W.J. Alonso, M. Antonio, G. Ayora Talavera, D. Badarch, V.L. Baillie, 837 

G. Barrera-Badillo, G. Bigogo, S. Broor, D. Bruden, P. Buchy, P. Byass, J. Chipeta, W. Clara, D.A. 838 

Dang, C.C. de Freitas Lázaro Emediato, M. de Jong, J.A. Díaz-Quiñonez, L.A.H. Do, R.A. Fasce, L. 839 

Feng, M.J. Ferson, A. Gentile, B.D. Gessner, D. Goswami, S. Goyet, C.G. Grijalva, N. Halasa, O. 840 

Hellferscee, D. Hessong, N. Homaira, J. Jara, K. Kahn, N. Khuri-Bulos, K.L. Kotloff, C.F. Lanata, O. 841 

Lopez, M.R. Lopez Bolaños, M.G. Lucero, F. Lucion, S.P. Lupisan, S.A. Madhi, O. Mekgoe, C. 842 

Moraleda, J. Moyes, K. Mulholland, P.K. Munywoki, F. Naby, T.H. Nguyen, M.P. Nicol, D.J. Nokes, 843 

D.E. Noyola, D. Onozuka, N. Palani, Y. Poovorawan, M. Rahman, K. Ramaekers, C. Romero, E.P. 844 

Jo
urn

al 
Pre-

pro
of



 

29 

 

Schlaudecker, B. Schweiger, P. Seidenberg, E.A.F. Simoes, R. Singleton, S. Sistla, K. Sturm-Ramirez, 845 

N. Suntronwong, A. Sutanto, M.D. Tapia, S. Thamthitiwat, I. Thongpan, G. Tillekeratne, Y.O. Tinoco, 846 

F.K. Treurnicht, C. Turner, P. Turner, R. van Doorn, M. van Ranst, B. Visseaux, S. Waicharoen, J. Wang, 847 

L.M. Yoshida, H.J. Zar, Global patterns in monthly activity of influenza virus, respiratory syncytial 848 

virus, parainfluenza virus, and metapneumovirus: a systematic analysis, The Lancet Global Health. 7 849 

(2019) e1031–e1045. https://doi.org/10.1016/S2214-109X(19)30264-5. 850 

[27] E.C. Hutchinson, Influenza Virus, Trends in Microbiology. 26 (2018) 809–810. 851 

https://doi.org/10.1016/j.tim.2018.05.013. 852 

[28] Y.A. Malik, Properties of Coronavirus and SARS-CoV-2, n.d. 853 

[29] B. Udugama, P. Kadhiresan, H.N. Kozlowski, A. Malekjahani, M. Osborne, V.Y.C. Li, H. Chen, S. 854 

Mubareka, J.B. Gubbay, W.C.W. Chan, Diagnosing COVID-19: The Disease and Tools for Detection, 855 

ACS Nano. 14 (2020) 3822–3835. https://doi.org/10.1021/acsnano.0c02624. 856 

[30] X. Yuan, C. Yang, Q. He, J. Chen, D. Yu, J. Li, S. Zhai, Z. Qin, K. Du, Z. Chu, P. Qin, Current and 857 

Perspective Diagnostic Techniques for COVID-19, ACS Infectious Diseases. 6 (2020) 1998–2016. 858 

https://doi.org/10.1021/acsinfecdis.0c00365. 859 

[31] P. Pokhrel, C. Hu, H. Mao, Detecting the coronavirus (CoVID-19), ACS Sensors. 5 (2020) 2283–860 

2297. https://doi.org/10.1021/ACSSENSORS.0C01153. 861 

[32] N. Bhalla, Y. Pan, Z. Yang, A.F. Payam, Opportunities and Challenges for Biosensors and 862 

Nanoscale Analytical Tools for Pandemics: COVID-19, ACS Nano. 14 (2020) 7783–7807. 863 

https://doi.org/10.1021/acsnano.0c04421. 864 

[33] J.P. Tosar, G. Brañas, J. Laíz, Electrochemical DNA hybridization sensors applied to real and 865 

complex biological samples, Biosensors and Bioelectronics. 26 (2010) 1205–1217. 866 

https://doi.org/10.1016/j.bios.2010.08.053. 867 

[34] H. Duwensee, M. Mix, M. Stubbe, J. Gimsa, M. Adler, G.U. Flechsig, Electrochemical product 868 

detection of an asymmetric convective polymerase chain reaction, Biosensors and Bioelectronics. 25 869 

(2009) 400–405. https://doi.org/10.1016/j.bios.2009.07.025. 870 

[35] Y. Yan, L. Chang, L. Wang, Laboratory testing of SARS-CoV, MERS-CoV, and SARS-CoV-2 871 

(2019-nCoV): Current status, challenges, and countermeasures, Reviews in Medical Virology. 30 872 

(2020). https://doi.org/10.1002/rmv.2106. 873 

[36] A. Zumla, D.S. Hui, S. Perlman, Middle East respiratory syndrome, The Lancet. 386 (2015) 995–874 

1007. https://doi.org/10.1016/S0140-6736(15)60454-8. 875 

[37] X. Lu, B. Whitaker, S.K.K. Sakthivel, S. Kamili, L.E. Rose, L. Lowe, E. Mohareb, E.M. Elassal, T. 876 

Al-sanouri, A. Haddadin, D.D. Erdman, Real-time reverse transcription-pcr assay panel for middle east 877 

respiratory syndrome coronavirus, Journal of Clinical Microbiology. 52 (2014) 67–75. 878 

https://doi.org/10.1128/JCM.02533-13. 879 

[38] V.M. Corman, O. Landt, M. Kaiser, R. Molenkamp, A. Meijer, D.K.W. Chu, T. Bleicker, S. 880 

Brünink, J. Schneider, M.L. Schmidt, D.G.J.C. Mulders, B.L. Haagmans, B. van der Veer, S. van den 881 

Brink, L. Wijsman, G. Goderski, J.L. Romette, J. Ellis, M. Zambon, M. Peiris, H. Goossens, C. 882 

Reusken, M.P.G. Koopmans, C. Drosten, Detection of 2019 novel coronavirus (2019-nCoV) by 883 

real-time RT-PCR, Eurosurveillance. 25 (2020). 884 

https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045. 885 

[39] G.S. Park, K. Ku, S.H. Baek, S.J. Kim, S. il Kim, B.T. Kim, J.S. Maeng, Development of Reverse 886 

Transcription Loop-Mediated Isothermal Amplification Assays Targeting Severe Acute Respiratory 887 

Syndrome Coronavirus 2 (SARS-CoV-2), Journal of Molecular Diagnostics. 22 (2020) 729–735. 888 

Jo
urn

al 
Pre-

pro
of



 

30 

 

https://doi.org/10.1016/j.jmoldx.2020.03.006. 889 

[40] Patris, S., Vandeput, M., Kauffmann, J.M., 2016. Antibodies as target for affinity biosensors. 890 

Trac-Trends in Analytical Chemistry 79, 239-246. https://doi.org/10.1016/j.trac.2015.12.005. 891 

[41] S.K. Arya, P. Kongsuphol, C.C. Wong, L.J. Polla, M.K. Park, Label free biosensor for sensitive 892 

human influenza virus hemagglutinin specific antibody detection using coiled-coil peptide modified 893 

microelectrode array based platform, Sensors and Actuators, B: Chemical. 194 (2014) 127–133. 894 

https://doi.org/10.1016/j.snb.2013.12.066. 895 

[42] Ho M S, Chen W J, Chen H Y, et al. Neutralizing Antibody Response and SARS Severity[J]. 896 

Emerging infectious diseases, 2005, 11(11):1730-1737. https://doi.org/10.3201/eid1111.040659. 897 

[43] P.C.Y. Woo, S.K.P. Lau, B.H.L. Wong, H.W. Tsoi, A.M.Y. Fung, R.Y.T. Kao, K.H. Chan, J.S.M. 898 

Peiris, K.Y. Yuen, Differential sensitivities of severe acute respiratory syndrome (SARS) coronavirus 899 

spike polypeptide enzyme-linked immunosorbent assay (ELISA) and SARS coronavirus nucleocapsid 900 

protein ELISA for serodiagnosis of SARS coronavirus pneumonia, Journal of Clinical Microbiology. 901 

43 (2005) 3054–3058. https://doi.org/10.1128/JCM.43.7.3054-3058.2005. 902 

[44] K.K.W. To, O.T.Y. Tsang, C.C.Y. Yip, K.H. Chan, T.C. Wu, J.M.C. Chan, W.S. Leung, T.S.H. Chik, 903 

C.Y.C. Choi, D.H. Kandamby, D.C. Lung, A.R. Tam, R.W.S. Poon, A.Y.F. Fung, I.F.N. Hung, V.C.C. 904 

Cheng, J.F.W. Chan, K.Y. Yuen, Consistent detection of 2019 novel coronavirus in saliva, Clinical 905 

Infectious Diseases. 71 (2020) 841–843. https://doi.org/10.1093/cid/ciaa149. 906 

[45] J. Bhardwaj, N. Chaudhary, H. Kim, J. Jang, Subtyping of influenza A H1N1 virus using a 907 

label-free electrochemical biosensor based on the DNA aptamer targeting the stem region of HA 908 

protein, Analytica Chimica Acta. 1064 (2019) 94–103. https://doi.org/10.1016/j.aca.2019.03.005. 909 

[46] X. Xie, Z. Zhong, W. Zhao, C. Zheng, F. Wang, J. Liu, Chest CT for Typical Coronavirus Disease 910 

2019 (COVID-19) Pneumonia: Relationship to Negative RT-PCR Testing, Radiology. 296 (2020) E41–911 

E45. https://doi.org/10.1148/radiol.2020200343. 912 

[47] J. Riu, B. Giussani, Electrochemical biosensors for the detection of pathogenic bacteria in food, 913 

TrAC - Trends in Analytical Chemistry. 126 (2020) 115863. https://doi.org/10.1016/j.trac.2020.115863. 914 

[48] R. Antiochia, Developments in biosensors for CoV detection and future trends, Biosensors and 915 

Bioelectronics. 173 (2021) 112777. https://doi.org/10.1016/j.bios.2020.112777. 916 

[49] S. Taniselass, M.K.M. Arshad, S.C.B. Gopinath, Graphene-based electrochemical biosensors for 917 

monitoring noncommunicable disease biomarkers, Biosensors and Bioelectronics. 130 (2019) 276–292. 918 

https://doi.org/10.1016/j.bios.2019.01.047. 919 

[50] A. Valizadeh, N. Sohrabi, F. Badrzadeh, Electrochemical detection of HIV-1 by nanomaterials, 920 

Artificial Cells, Nanomedicine and Biotechnology. 45 (2017) 1467–1477. 921 

https://doi.org/10.1080/21691401.2017.1282494.  922 

[51] H. Zhang, B.L. Miller, Immunosensor-based label-free and multiplex detection of influenza 923 

viruses: State of the art, Biosensors and Bioelectronics. 141 (2019). 924 

https://doi.org/10.1016/j.bios.2019.111476. 925 

[52] Z.A. Ahovan, A. Hashemi, L.M. de Plano, M. Gholipourmalekabadi, A. Seifalian, Bacteriophage 926 

based biosensors: Trends, outcomes and challenges, Nanomaterials. 10 (2020). 927 

https://doi.org/10.3390/nano10030501. 928 

[53] T. Lee, J.H. Ahn, S.Y. Park, G.H. Kim, J. Kim, T.H. Kim, I. Nam, C. Park, M.H. Lee, Recent 929 

advances in AIV biosensors composed of nanobio hybrid material, Micromachines. 9 (2018) 1–17. 930 

https://doi.org/10.3390/mi9120651. 931 

[54] J. Leva-Bueno, S.A. Peyman, P.A. Millner, A review on impedimetric immunosensors for 932 

Jo
urn

al 
Pre-

pro
of



 

31 

 

pathogen and biomarker detection, Medical Microbiology and Immunology. 209 (2020) 343–362. 933 

https://doi.org/10.1007/s00430-020-00668-0. 934 

[55] L.C. Chen, E. Wang, C.S. Tai, Y.C. Chiu, C.W. Li, Y.R. Lin, T.H. Lee, C.W. Huang, J.C. Chen, 935 

W.L. Chen, Improving the reproducibility, accuracy, and stability of an electrochemical biosensor 936 

platform for point-of-care use, Biosensors and Bioelectronics. 155 (2020) 112111. 937 

https://doi.org/10.1016/j.bios.2020.112111. 938 

[56] E.O. Blair, D.K. Corrigan, A review of microfabricated electrochemical biosensors for DNA 939 

detection, Biosensors and Bioelectronics. 134 (2019) 57–67. 940 

https://doi.org/10.1016/j.bios.2019.03.055. 941 

[57] C.M.A. Brett, A.M. Oliveira Brett, Electrochemistry: Principles, Methods and Applications. 942 

Oxford Science Publications, 1993, ISBN 9780198553885. 943 

[58] T. Xiao, J. Huang, D. Wang, T. Meng, X. Yang, Au and Au-Based nanomaterials: Synthesis and 944 

recent progress in electrochemical sensor applications, Talanta. 206 (2020) 120210. 945 

https://doi.org/10.1016/j.talanta.2019.120210. 946 

[59] L. Qian, S. Durairaj, S. Prins, A. Chen, Biosensors and Bioelectronics Nanomaterial-based 947 

electrochemical sensors and biosensors for the detection of pharmaceutical compounds, Biosensors and 948 

Bioelectronics. (2020) 112836. https://doi.org/10.1016/j.bios.2020.112836. 949 

[60] K. Wu, R. Saha, D. Su, V.D. Krishna, J. Liu, M.C.-J. Cheeran, J.-P. Wang, 950 

Magnetic-Nanosensor-Based Virus and Pathogen Detection Strategies before and during COVID-19, 951 

ACS Applied Nano Materials. 3 (2020) 9560–9580. https://doi.org/10.1021/acsanm.0c02048. 952 

[61] S. Li, T. Tian, T. Zhang, X. Cai, Y. Lin, Advances in biological applications of self-assembled 953 

DNA tetrahedral nanostructures, Materials Today. 24 (2019) 57–68. 954 

https://doi.org/10.1016/j.mattod.2018.08.002.  955 

[62] Y. Saylan, Ö. Erdem, S. Ünal, A. Denizli, An alternative medical diagnosis method: Biosensors for 956 

virus detection, Biosensors. 9 (2019). https://doi.org/10.3390/bios9020065. 957 

[63] H.L.L. Yu, A. Maslova, I.M. Hsing, Rational Design of Electrochemical DNA Biosensors for 958 

Point-of-Care Applications, ChemElectroChem. 4 (2017) 795–805. 959 

https://doi.org/10.1002/celc.201600756. 960 

[64] T. Lee, S.Y. Park, H. Jang, G.H. Kim, Y. Lee, C. Park, M. Mohammadniaei, M.H. Lee, J. Min, 961 

Fabrication of electrochemical biosensor consisted of multi-functional DNA structure/porous au 962 

nanoparticle for avian influenza virus (H5N1) in chicken serum, Materials Science and Engineering C. 963 

99 (2019) 511–519. https://doi.org/10.1016/j.msec.2019.02.001. 964 

[65] I. Lee, S.E. Kim, J. Lee, D.H. Woo, S. Lee, H. Pyo, C.S. Song, J. Lee, A self-calibrating 965 

electrochemical aptasensing platform: Correcting external interference errors for the reliable and stable 966 

detection of avian influenza viruses, Biosensors and Bioelectronics. 152 (2020) 112010. 967 

https://doi.org/10.1016/j.bios.2020.112010. 968 

[66] S. Dong, R. Zhao, J. Zhu, X. Lu, Y. Li, S. Qiu, L. Jia, X. Jiao, S. Song, C. Fan, R.Z. Hao, H. bin 969 

Song, Electrochemical DNA biosensor based on a tetrahedral nanostructure probe for the detection of 970 

avian influenza A (H7N9) virus, ACS Applied Materials and Interfaces. 7 (2015) 8834–8842. 971 

https://doi.org/10.1021/acsami.5b01438. 972 

[67] F.S. Diba, S. Kim, H.J. Lee, Amperometric bioaffinity sensing platform for avian influenza virus 973 

proteins with aptamer modified gold nanoparticles on carbon chips, Biosensors and Bioelectronics. 72 974 

(2015) 355–361. https://doi.org/10.1016/j.bios.2015.05.020. 975 

[68] C. Bai, Z. Lu, H. Jiang, Z. Yang, X. Liu, H. Ding, H. Li, J. Dong, A. Huang, T. Fang, Y. Jiang, L. 976 

Jo
urn

al 
Pre-

pro
of



 

32 

 

Zhu, X. Lou, S. Li, N. Shao, Aptamer selection and application in multivalent binding-based electrical 977 

impedance detection of inactivated H1N1 virus, Biosensors and Bioelectronics. 110 (2018) 162–167. 978 

https://doi.org/10.1016/j.bios.2018.03.047 979 

[69] K. Malecka, A. Stachyra, A. Góra-Sochacka, A. Sirko, W. Zagórski-Ostoja, H. Radecka, J. 980 

Radecki, Electrochemical genosensor based on disc and screen printed gold electrodes for detection of 981 

specific DNA and RNA sequences derived from Avian Influenza Virus H5N1, Sensors and Actuators, B: 982 

Chemical. 224 (2016) 290–297. https://doi.org/10.1016/j.snb.2015.10.044. 983 

[70] K. Kurzatkowska, A. Sirko, W. Zagórski-Ostoja, W. Dehaen, H. Radecka, J. Radecki, 984 

Electrochemical Label-free and Reagentless Genosensor Based on an Ion Barrier Switch-off System for 985 

DNA Sequence-Specific Detection of the Avian Influenza Virus, Analytical Chemistry. 87 (2015) 986 

9702–9709. https://doi.org/10.1021/acs.analchem.5b01988. 987 

[71] J. Mohammadi, A. Moattari, N. Sattarahmady, N. Pirbonyeh, H. Yadegari, H. Heli, 988 

Electrochemical biosensing of influenza A subtype genome based on meso/macroporous cobalt (II) 989 

oxide nanoflakes-applied to human samples, Analytica Chimica Acta. 979 (2017) 51–57. 990 

https://doi.org/10.1016/j.aca.2017.05.010. 991 

[72] Ravina, H. Mohan, P.S. Gill, A. Kumar, Hemagglutinin gene based biosensor for early detection of 992 

swine flu (H1N1) infection in human, International Journal of Biological Macromolecules. 130 (2019) 993 

720–726. https://doi.org/10.1016/j.ijbiomac.2019.02.149. 994 

[73] J. Astill, E. Fraser, R. Dara, S. Sharif, Detecting and predicting emerging disease in poultry with 995 

the implementation of new technologies and big data: A focus on avian influenza virus, Frontiers in 996 

Veterinary Science. 5 (2018). https://doi.org/10.3389/fvets.2018.00263. 997 

[74] X. Fu, F. Peng, J. Lee, Q. Yang, F. Zhang, M. Xiong, G. Kong, H.M. Meng, G. Ke, X.B. Zhang, 998 

Aptamer-Functionalized DNA Nanostructures for Biological Applications, Springer International 999 

Publishing, 2020. https://doi.org/10.1007/s41061-020-0283-y. 1000 

[75] Y. Li, R. Wang, Aptasensors for detection of avian influenza virus H5N1, Methods in Molecular 1001 

Biology. 1572 (2017) 379–402. https://doi.org/10.1007/978-1-4939-6911-1_25. 1002 

[76] M. Alafeef, K. Dighe, P. Moitra, D. Pan, Rapid, Ultrasensitive, and Quantitative Detection of 1003 

SARS-CoV-2 Using Antisense Oligonucleotides Directed Electrochemical Biosensor Chip, ACS Nano. 1004 

2019 (2020). https://doi.org/10.1021/acsnano.0c06392. 1005 

[77] F. Nicolson, A. Ali, M.F. Kircher, S. Pal, DNA Nanostructures and DNA-Functionalized 1006 

Nanoparticles for Cancer Theranostics, Advanced Science. 2001669 (2020) 1–27. 1007 

https://doi.org/10.1002/advs.202001669. 1008 

[78] T. Zhou, R. Luo, Y. Li, J. Fan, Y. Hu, C. Tong, B. Liu, D. Li, Activity assay and intracellular 1009 

imaging of APE1 assisted with tetrahedral DNA nanostructure modified-dnazyme and molecular 1010 

beacon, Sensors and Actuators, B: Chemical. 317 (2020). https://doi.org/10.1016/j.snb.2020.128203. 1011 

[79] H. Zhao, F. Liu, W. Xie, T.C. Zhou, J. OuYang, L. Jin, H. Li, C.Y. Zhao, L. Zhang, J. Wei, Y.P. 1012 

Zhang, C.P. Li, Ultrasensitive supersandwich-type electrochemical sensor for SARS-CoV-2 from the 1013 

infected COVID-19 patients using a smartphone, Sensors and Actuators, B: Chemical. 327 (2021) 1014 

128899. https://doi.org/10.1016/j.snb.2020.128899. 1015 

[80] V. Crivianu-Gaita, M. Thompson, Aptamers, antibody scFv, and antibody Fab’ fragments: An 1016 

overview and comparison of three of the most versatile biosensor biorecognition elements, Biosensors 1017 

and Bioelectronics. 85 (2016) 32–45. https://doi.org/10.1016/j.bios.2016.04.091. 1018 

[81] W. Chen, Y. Yuan, X. Jiang, Antibody and antibody fragments for cancer immunotherapy, Journal 1019 

of Controlled Release. 328 (2020) 395–406. https://doi.org/10.1016/j.jconrel.2020.08.021. 1020 

Jo
urn

al 
Pre-

pro
of



 

33 

 

[82] X. Tao, X. Wang, B. Liu, J. Liu, Conjugation of antibodies and aptamers on nanozymes for 1021 

developing biosensors, Biosensors and Bioelectronics. 168 (2020) 112537. 1022 

https://doi.org/10.1016/j.bios.2020.112537. 1023 

[83] I. Tzouvadaki, J. Zapatero-Rodríguez, S. Naus, G. de Micheli, R. O’Kennedy, S. Carrara, 1024 

Memristive biosensors based on full-size antibodies and antibody fragments, Sensors and Actuators, B: 1025 

Chemical. 286 (2019) 346–352. https://doi.org/10.1016/j.snb.2019.02.001. 1026 

[84] K. Tsumoto, K. Shinoki, H. Kondo, M. Uchikawa, T. Juji, I. Kumagai, Highly efficient recovery of 1027 

functional single-chain Fv fragments from inclusion bodies overexpressed in Escherichia coli by 1028 

controlled introduction of oxidizing reagent - Application to a human single-chain Fv fragment, Journal 1029 

of Immunological Methods. 219 (1998) 119–129. https://doi.org/10.1016/S0022-1759(98)00127-6. 1030 

[85] K. Siuzdak, P. Niedziałkowski, M. Sobaszek, T. Łęga, M. Sawczak, E. Czaczyk, K. Dziąbowska, T. 1031 

Ossowski, D. Nidzworski, R. Bogdanowicz, Biomolecular influenza virus detection based on the 1032 

electrochemical impedance spectroscopy using the nanocrystalline boron-doped diamond electrodes 1033 

with covalently bound antibodies, Sensors and Actuators, B: Chemical. 280 (2019) 263–271. 1034 

https://doi.org/10.1016/j.snb.2018.10.005. 1035 

[86] L.A. Layqah, S. Eissa, An electrochemical immunosensor for the corona virus associated with the 1036 

Middle East respiratory syndrome using an array of gold nanoparticle-modified carbon electrodes, 1037 

Microchimica Acta. 186 (2019) 2–11. https://doi.org/10.1007/s00604-019-3345-5. 1038 

[87] U. Jarocka, R. Sawicka, A. Góra-Sochacka, A. Sirko, W. Dehaen, J. Radecki, H. Radecka, An 1039 

electrochemical immunosensor based on a 4,4′-thiobisbenzenethiol self-assembled monolayer for the 1040 

detection of hemagglutinin from avian influenza virus H5N1, Sensors and Actuators, B: Chemical. 228 1041 

(2016) 25–30. https://doi.org/10.1016/j.snb.2016.01.001. 1042 

[88] R. Singh, S. Hong, J. Jang, Label-free Detection of Influenza Viruses using a Reduced Graphene 1043 

Oxide-based Electrochemical Immunosensor Integrated with a Microfluidic Platform, Scientific 1044 

Reports. 7 (2017) 1–11. https://doi.org/10.1038/srep42771. 1045 

[89] J. Huang, Z. Xie, Z. Xie, S. Luo, L. Xie, L. Huang, Q. Fan, Y. Zhang, S. Wang, T. Zeng, Silver 1046 

nanoparticles coated graphene electrochemical sensor for the ultrasensitive analysis of avian influenza 1047 

virus H7, Analytica Chimica Acta. 913 (2016) 121–127. https://doi.org/10.1016/j.aca.2016.01.050. 1048 

[90] S. Devarakonda, R. Singh, J. Bhardwaj, J. Jang, Cost-effective and handmade paper-based 1049 

immunosensing device for electrochemical detection of influenza virus, Sensors (Switzerland). 17 1050 

(2017). https://doi.org/10.3390/s17112597. 1051 

[91] D. Nidzworski, K. Siuzdak, P. Niedziałkowski, R. Bogdanowicz, M. Sobaszek, J. Ryl, P. Weiher, 1052 

M. Sawczak, E. Wnuk, W.A. Goddard, A. Jaramillo-Botero, T. Ossowski, A rapid-response 1053 

ultrasensitive biosensor for influenza virus detection using antibody modified boron-doped diamond, 1054 

Scientific Reports. 7 (2017) 1–10. https://doi.org/10.1038/s41598-017-15806-7. 1055 

[92] M. Veerapandian, R. Hunter, S. Neethirajan, Dual immunosensor based on methylene 1056 

blue-electroadsorbed graphene oxide for rapid detection of the influenza A virus antigen, Talanta. 155 1057 

(2016) 250–257. https://doi.org/10.1016/j.talanta.2016.04.047. 1058 

[93] S.R. Joshi, A. Sharma, G.H. Kim, J. Jang, Low cost synthesis of reduced graphene oxide using 1059 

biopolymer for influenza virus sensor, Materials Science and Engineering C. 108 (2020) 110465. 1060 

https://doi.org/10.1016/j.msec.2019.110465. 1061 

[94] M. Sayhi, O. Ouerghi, K. Belgacem, M. Arbi, Y. Tepeli, A. Ghram, Ü. Anik, L. Österlund, D. 1062 

Laouini, M.F. Diouani, Electrochemical detection of influenza virus H9N2 based on both 1063 

immunomagnetic extraction and gold catalysis using an immobilization-free screen printed carbon 1064 

Jo
urn

al 
Pre-

pro
of



 

34 

 

microelectrode, Biosensors and Bioelectronics. 107 (2018) 170–177. 1065 

https://doi.org/10.1016/j.bios.2018.02.018. 1066 

[95] J.H. Han, D. Lee, C.H.C. Chew, T. Kim, J.J. Pak, A multi-virus detectable microfluidic 1067 

electrochemical immunosensor for simultaneous detection of H1N1, H5N1, and H7N9 virus using ZnO 1068 

nanorods for sensitivity enhancement, Sensors and Actuators, B: Chemical. 228 (2016) 36–42. 1069 

https://doi.org/10.1016/j.snb.2015.07.068. 1070 

[96] Q. Zhang, L. Li, Z. Qiao, C. Lei, Y. Fu, Q. Xie, S. Yao, Y. Li, Y. Ying, Electrochemical Conversion 1071 

of Fe3O4 Magnetic Nanoparticles to Electroactive Prussian Blue Analogues for Self-Sacrificial Label 1072 

Biosensing of Avian Influenza Virus H5N1, Analytical Chemistry. 89 (2017) 12145–12151. 1073 

https://doi.org/10.1021/acs.analchem.7b02784. 1074 

[97] J. Bhardwaj, A. Sharma, J. Jang, Vertical flow-based paper immunosensor for rapid 1075 

electrochemical and colorimetric detection of influenza virus using a different pore size sample pad, 1076 

Biosensors and Bioelectronics. 126 (2019) 36–43. https://doi.org/10.1016/j.bios.2018.10.008. 1077 

[98] C.H. Zhou, Z. Wu, J.J. Chen, C. Xiong, Z. Chen, D.W. Pang, Z.L. Zhang, Biometallization-based 1078 

electrochemical magnetoimmunosensing strategy for avian influenza A (H7N9) virus particle detection, 1079 

Chemistry - An Asian Journal. 10 (2015) 1387–1393. https://doi.org/10.1002/asia.201500105. 1080 

[99] Z. Wu, W.J. Guo, Y.Y. Bai, L. Zhang, J. Hu, D.W. Pang, Z.L. Zhang, Digital Single Virus 1081 

Electrochemical Enzyme-Linked Immunoassay for Ultrasensitive H7N9 Avian Influenza Virus 1082 

Counting, Analytical Chemistry. 90 (2018) 1683–1690. https://doi.org/10.1021/acs.analchem.7b03281. 1083 

[100] Z. Wu, C.H. Zhou, J.J. Chen, C. Xiong, Z. Chen, D.W. Pang, Z.L. Zhang, Bifunctional magnetic 1084 

nanobeads for sensitive detection of avian influenza A (H7N9) virus based on immunomagnetic 1085 

separation and enzyme-induced metallization, Biosensors and Bioelectronics. 68 (2015) 586–592. 1086 

https://doi.org/10.1016/j.bios.2015.01.051. 1087 

[101] S.K. Vashist, E.M. Schneider, A.G. Venkatesh, J.H.T. Luong, Emerging Human Fetuin A Assays 1088 

for Biomedical Diagnostics, Trends in Biotechnology. 35 (2017) 407–421. 1089 

https://doi.org/10.1016/j.tibtech.2016.12.006. 1090 

[102] Ü. Anik, Y. Tepeli, M. Sayhi, J. Nsiri, M.F. Diouani, Towards the electrochemical diagnostic of 1091 

influenza virus: Development of a graphene-Au hybrid nanocomposite modified influenza virus 1092 

biosensor based on neuraminidase activity, Analyst. 143 (2018) 150–156. 1093 

https://doi.org/10.1039/c7an01537b. 1094 

[103] T. Matsubara, M. Ujie, T. Yamamoto, M. Akahori, Y. Einaga, T. Sato, Highly sensitive detection 1095 

of influenza virus by boron-doped diamond electrode terminated with sialic acid-mimic peptide, 1096 

Proceedings of the National Academy of Sciences of the United States of America. 113 (2016) 8981–1097 

8984. https://doi.org/10.1073/pnas.1603609113. 1098 

[104] Matsubara, T.; Onishi, A.; Saito, T.; Yamaguchi, D.; Sato, T. Multivalent Effect in Influenza 1099 

Hemagglutinin-Binding Activity of Sugar-Mimic Peptide. Kobunshi Ronbunshu 2016, 73, 62−68. 1100 

https://doi.org/10.1295/KORON.2015-0052. 1101 

[105] T. Matsubara, M. Ujie, T. Yamamoto, Y. Einaga, T. Daidoji, T. Nakaya, T. Sato, Avian Influenza 1102 

Virus Detection by Optimized Peptide Termination on a Boron-Doped Diamond Electrode, ACS 1103 

Sensors. 5 (2020) 431–439. https://doi.org/10.1021/acssensors.9b02126. 1104 

[106] K.C. Tara Bahadur, S. Tada, L. Zhu, T. Uzawa, N. Minagawa, S.C. Luo, H. Zhao, H.H. Yu, T. 1105 

Aigaki, Y. Ito, In vitro selection of electrochemical peptide probes using bioorthogonal tRNA for 1106 

influenza virus detection, Chemical Communications. 54 (2018) 5201–5204. 1107 

https://doi.org/10.1039/c8cc01775a. 1108 

Jo
urn

al 
Pre-

pro
of



 

35 

 

[107] A. Rogowski, J.A. Briggs, J.C. Mortimer, T. Tryfona, N. Terrapon, E.C. Lowe, A. Baslé, C. 1109 

Morland, A.M. Day, H. Zheng, T.E. Rogers, P. Thompson, A.R. Hawkins, M.P. Yadav, B. Henrissat, 1110 

E.C. Martens, P. Dupree, H.J. Gilbert, D.N. Bolam, Glycan complexity dictates microbial resource 1111 

allocation in the large intestine, Nature Communications. 6 (2015). 1112 

[108] S. Boyoglu-Barnum, G.B. Hutchinson, J.C. Boyington, S.M. Moin, R.A. Gillespie, Y. Tsybovsky, 1113 

T. Stephens, J.R. Vaile, J. Lederhofer, K.S. Corbett, B.E. Fisher, H.M. Yassine, S.F. Andrews, M.C. 1114 

Crank, A.B. McDermott, J.R. Mascola, B.S. Graham, M. Kanekiyo, Glycan repositioning of influenza 1115 

hemagglutinin stem facilitates the elicitation of protective cross-group antibody responses, Nature 1116 

Communications. 11 (2020) 1–12. https://doi.org/10.1038/s41467-020-14579-4. 1117 

[109] A. Hushegyi, D. Pihíková, T. Bertok, V. Adam, R. Kizek, J. Tkac, Ultrasensitive detection of 1118 

influenza viruses with a glycan-based impedimetric biosensor, Biosensors and Bioelectronics. 79 (2016) 1119 

644–649. https://doi.org/10.1016/j.bios.2015.12.102. 1120 

 1121 

Jo
urn

al 
Pre-

pro
of



Highlights 

1. This review provides the recent advancements in electrochemical biosensing for respiratory virus 

detection. 

2. The common detecting objects of representative respiratory virus: influenza virus, MERS-CoV and 

SARS-CoV-2 are concluded. 

3. The electrochemical biosensors based on various bio-recognition elements are reviewed in the 

respiratory virus detection field. 

4. The latest reports and future challenges on the electrochemical biosensors for COVID-19 diagnosis 

are presented. 
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