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Abstract

Viruses have spread throughout the world and cause acute illness or death among millions of people. There is a growing
concern about methods to control and combat early-stage viral infections to prevent the significant public health problem.
However, conventional detection methods like polymerase chain reaction (PCR) requires sample purification and are time-
consuming for further clinical diagnosis. Hence, establishing a portable device for rapid detection with enhanced sensitivity
and selectivity for the specific virus to prevent further spread becomes an urgent need. Many research groups are focusing
on the potential of the electrochemical sensor to become a key for developing point-of-care (POC) technologies for clinical
analysis because it can solve most of the limitations of conventional diagnostic methods. Herein, this review discusses the
current development of electrochemical sensors for the detection of respiratory virus infections and flaviviruses over the past
10 years. Trends in future perspectives in rapid clinical detection sensors on viruses are also discussed.

Key points

® Respiratory related viruses and Flavivirus are being concerned for past decades.

o Important to differentiate the cross-reactivity between the virus in same family.

o Electrochemical biosensor as a suitable device to detect viruses with high performance.

Keywords Biosensors - Nanomaterials - Flavivirus - Dengue virus - Respiratory virus - Communicable disease

Introduction

Due to the cases of SARS-2-CoV (COVID-19) increasing
exponentially since the end of 2019, the whole world was
concerned and looking for detailed info about virus-based dis-
eases (Ribeiro et al. 2020). Respiratory virus infections and
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flavivirus were among the most discussed viruses during the
past few decades. Referring to the World Health Organization
(WHO) reports, there have been several respiratory disease
outbreaks since 2002, such as severe acute respiratory syn-
drome (SARS), Middle East respiratory syndrome (MERS),
HINI1 influenza (swine FLU), and COVID-19 (Ribeiro et al.
2020). Besides the respiratory viral diseases, flaviviruses
including Zika virus (ZIKV), Japanese encephalitis virus
(JEV), yellow fever (YFV), and dengue virus (DENV) also
attracted the attention of people in the meantime (Kaya et al.
2020). Ebola virus (EBOVs), one of the flaviviruses that cat-
egorize in biosafety level 4, had also resulted in a high global
mortality rate since the first outbreak in 1976 (Ibrahim et al.
2021). Hence, early detection to prepare proper medical care
becomes the only way to block the spread by good prevention
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as well as reduce the fatality that is caused by the viruses
above that without specific treatment (Shi 2021).

Examples of current conventional viral diagnosis tech-
niques include reverse transcription PCR (RT-PCR), Western
blotting—based tests, and enzyme-linked immunosorbent assay
(ELISA) (Imran et al. 2021). The most common technique
among those conventional methods is RT-PCR, which solves
the problem of the utilization of immunological assays that
require the production of antibodies (Ibrahim et al. 2021).
However, RT-PCR has disadvantages of being time-consum-
ing, requiring laboratory facilities, being costly, and even not
indicating whether the patient was infected or subsequently
recovered (Awan et al. 2020; Kafrashi et al. 2017; Kumar
et al. 2022). In addition, it is difficult to keep the sample away
from contamination since a high purification of the sample
is needed during amplification (Kaya et al. 2020). The other
available diagnostic tools have their different downsides. For
example, (i) ELISA using IgM antibody of dengue virus still
can give high rate of false positive result against other flavivi-
ruses and low sensitivity in performing the POC rapid test, (ii)
nucleic acid sequence-based amplification (NASBA) needs
a sample preparation knowledge to handle the viral targets,
which is inconvenience for public users (Kabir et al. 2021),
(iii) loop-mediated isothermal amplification (LAMP) needs
65 °C incubation temperature, and (iv) clustered regularly
interspaced short palindromic repeat (CRISPR) requires tech-
nically trained personnel to perform analysis (Abdul Ghani
et al. 2022). Hence, it is crucial to have a simple, rapid, and
cheap with highly sensitive and selective on-site diagnosis
devices for humans to against the viral infectious diseases.

The development of economical biosensor is found to
be the trend as it is ready for use by public users without
any knowledge about laboratory sample preparation skills.
Biosensors are analytical devices that consists of 3 parts,
which are bioreceptor, transducer, and signal processor.
Principally, biosensors capture and recognize the analyte
through physical or chemical interactions and then convert
into quantifiable electrical or optical signal (Saylan et al.
2019). Recent reviews on biosensors mostly emphasize the
effects of different approaches such as electrode surface
functionalization and the biological recognition component
on the performance of sensors for detecting only SARS-
2-CoV virus (Bukkitgar et al. 2021; Kumar et al. 2022;
Suleman et al. 2021). However, several other viruses still
dragged the attention among the community in the past
decades and have become a challenge for doctors to recog-
nize the infected virus due to similar symptoms. The late
clinical treatment will cause further terrible consequences.
Thus, a review on electrochemical sensors’ development
on respiratory virus and flavivirus detection may enable
medical practitioners, biosensor experts, material scien-
tists, and industrialists to easily access the recent updates
and advancement in this field of research. Hence, in this
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manuscript, electrochemical sensors on virus (respiratory
virus-based and flavivirus-based) diagnosis have been
exclusively reviewed.

Electrochemical biosensor: a high
performance analysis

The biosensor can be categorized as electrochemical sen-
sors, optical sensors, and piezoelectric sensors due to the
type of signal responses such as electric current, vibration
frequency or photoelectricity (Misra et al. 2021; Perumal
and Hashim 2014; Saylan et al. 2019). A sensor can be clas-
sified as an electrochemical sensor due to the transducer
using electrochemical detection whereas a “bio” sensor due
to the biorecognition elements, e.g. antibodies, aptamers,
DNA, or RNA, used for the electrochemical reaction (Ong
et al. 2018). The principle of electrochemical biosensors can
be referred to Fig. 1. In short, electrochemical biosensors are
sensors that combine the inherent bioelements and the sensi-
tivity of the electroanalytical method to convert the chemi-
cal signals into a measurable and readable value (Ronkainen
et al. 2010).

Among the type of biosensors, electrochemical biosen-
sors are recommended to use in clinical applications because
(1) it is cost-effective due to a simple connection to an elec-
tronic read-out, (ii) it has the capability of miniaturization to
become POC devices, and (iii) it is robust and user-friendly
(Imran et al. 2021; Kafrashi et al. 2017). Additionally, elec-
trochemical sensors can be further divided into impedimetric
(measurable impedance or component resistance and capaci-
tance), potentiometric (measurable potential or charge accu-
mulation), amperometric (measurable current), etc. based on
the detection methods (Misra et al. 2021; Ronkainen et al.
2010). According to Monteil’s team, voltammetry detection,
i.e. linear sweep voltammetry (LSV), cyclic voltammetry
(CV), differential pulse voltammetry (DPV), square-wave
voltammetry (SWV), and stripping voltammetry (SV), was
the primary detection method, followed by other electro-
chemical methods like impedance spectroscopy and field
effect transistors (FET) (Monteil et al. 2021; Ronkainen
et al. 2010).

Advanced nanotechnology during the past few decades
introduced nanomaterials like nanoparticles or quantum
dots, which enhanced the effectiveness of electrochemical
sensors (Anthony et al. 2019; Tai et al. 2021). The sensors
that further modify with nanomaterials are called nano-bio-
sensors. Biosensors modified with nanomaterials over the
electrode surface can improve the adsorption capacity, sen-
sitivity, and structural compatibility and increase the loading
of immobilized bioreceptors such as antibodies or nucleic
acids (Castillo-Henriquez et al. 2020). Researchers can vali-
date the quality of the fabricated biosensor as a commercial
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Fig. 1 The schematic diagram of an electrochemical nano-biosensor

clinical diagnostic device by considering sensitivity, detec-
tion limit (LOD), selectivity, reproducibility, and repeat-
ability (Justino et al. 2016). At present, high-performance
analysis is mandatory with the emerging and remerging of
viral strains. Setting up a surveillance sensing system will
aid to prevent these pandemics/epidemics with seasonal
variations (Fig. 2).

Respiratory viral biosensing surveillance

Respiratory virus infections are being one of the most
common causes of death in humans, from infants to the
elderly people because these viruses are airborne viruses
that can easily spread through the air and enter the naso-
pharynx area through the air and spread among people
with or without symptoms (Nasrollahzadeh et al. 2020).
There were over 95% of respiratory-related deaths caused
by insufficiency of correct diagnosis and treatments such
as the failure to predict the novel variants of pathogenic
viruses (Misra et al. 2021). Hence, many researchers are
trying to fabricate a new electrochemical sensor with
greater efficacy. Zhou et al. studied about the combination
of immunomagnetic separation, electrochemical detection,
and multi-enzymatic amplification for a more sensitive
HON?2 avian influenza virus diagnostics application (Zhou
et al. 2013). First, they modified the gold electrode by con-
canavalin A (Con A) and horseradish peroxidase (HRP)

layer by layer to enhance the catalytic properties. Magnetic
beads (MBs) were conjugated with the enzymatic label of
glucose oxidase-conjugated avidin D (GOD-A) to capture
the targeted virus (HON2). The modified m-AuE detected
the virus that was captured by the GOD-MBs constructed
on a sandwich-type immunoassay, and the current change
was subsequently measured via differential pulse voltam-
metry (DPV). They reported that this method can reach a
LOD of 1 ng/mL with a detection range of 50 to 2000 ng/
mL with high specificity and reproducibility (Zhou et al.
2013). Singh et al. developed a label-free electrical immu-
nosensor for HIN1 influenza virus detection by using the
immobilized avidin and biotinylated antibodies on single-
walled carbon nanotubes (SWCNTSs), which deposited
on polydiallyldimethylammonium chloride (PDDA) by
dielectrophoresis (DEP) (Singh et al. 2014). This method
preserved the perfect surface structure of SWCNTs after
functionalization with antibodies as a platform of ultrasen-
sitive virus detection (Singh et al. 2014). Instead of only
detecting for one type of virus, Huang et al. introduced a
silver nanoparticle (AgNPs)-coated graphene sandwich-
type electrochemical sensor to detect the avian influenza
virus (AIV) in the H7 series (Huang et al. 2016). They
employed polyclonal antibodies (PAbs) on AgNPs as the
label and monoclonal antibodies (MAbs) that immobilized
on gold nanoparticles-graphene nanocomposites (AuNPs-
G) to develop the electrochemical immunosensors. The
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uses of AuNPs and graphene enhanced the electrochemical
behaviour of detection due to high electrical conductivity.
Linear sweep voltammetry (LSV) was used as a detection
method for the detection performance of the modified elec-
trode. This method indicated good specificity and repro-
ducibility towards all H7 AIV (Huang et al. 2016). There
was another group of researchers in China that focused
on H7 AIV series detection with a different method. Tian
et al. developed the electrochemical immunosensor from
three-dimensional CNTs/MoS, aerogel, which is a com-
bination of nanostructured molybdenum sulphide (MoS,)
material and conductive networks of CNTs, with PAb-
AuNPs bioconjugates (Tian 2017). The purpose of using
3D-CNTs/MoS, nanocomposite increases the electroac-
tive surface area for the enhancement of electrochemical
properties. LSV was used for checking the performance
of modified electrodes on detecting H7 AIV, via sand-
wich immunoreactions. This method showed a LOD of
0.43 ng/mL with good reproducibility (Tian 2017). Lee
et al. fabricated a label-free electrochemical sensor by
employing porous AuNPs that were immobilized with
multifunctional DNA 3-way junction (Alapt/Zyme/SH-
DNA 3WIJ) to detect HSN1 AIV (Lee et al. 2019). Each
fragment from the DNA 3WJ has specific functionality
(Fig. 3). Alapt is used for HA protein detection, Zyme is
used for electrochemical signal generation, and SH-DNA
can immobilize the DNA 3WIJ on electrodes without link-
ers. Hence, several steps can be eliminated to fabricate this
biosensor such as the labelling process and choosing the
linker. This method resulted in the LOD of 1 pM either
in buffer solution or chicken serum by CV detection (Lee
et al. 2019). The current outbreak of respiratory virus is
SARS-Cov-2 (COVID-19). This pandemic is then rapidly
spread by asymptomatic patients who are infected with
the COVID-19 virus in the public quickly without any
consciousness. To detect this virus, Raziq et al. fabricated
a disposable electrochemical sensor using molecularly
imprinted polymers (MIPs) with SARS-CoV-2 nucleopro-
tein (ncovNP) receptors as a rapid diagnostic tool (Raziq
et al. 2021). They introduced MIP due to its chemical and
thermal stability. MIPs are made by the combination of
functional monomers and template by copolymerization
(Yarman et al. 2022). Instead of testing in buffer, they also
analysed the clinical samples from patients with the devel-
oped sensor. A LOD of 27 fM was successfully detected
in the real samples with the linear range of 0.22 to 333 fM
(Raziq et al. 2021).

Flavivirus biosensing surveillance
Flavivirus is a member belonging to Flaviviridae virus fam-

ily, which can be widespread through arthropods such as
mosquitoes. Examples of the virus include ZIKV, YFV, JEV,

and the most common disease, DENV (CDC 2021, 2 Sep-
tember). There were numerous recent achievements in the
electrochemical biosensing of flavivirus-related diseases by
researchers in the past decades.

Japanese encephalitis virus (JEV)

JEV is a flavivirus that may cause a permanent neurologi-
cal damage even the patient was recovered. Tran et al. had
developed an electrochemical immunosensor for rapid detec-
tion of JEV. They emphasized the immobilization methods
of JEV antibodies on the electrode and found that the cova-
lent binding of glutaraldehyde combined with protein A
(APTES-GA-PrA) had the best binding effect (Tran et al.
2012). In their investigation, APTES-GA-PrA became the
best cross-linker to bind the JEV antibody without affect-
ing the binding sites to antigen and could achieve a LOD
of 10 ng/mL of JEV virus in the buffer (Tran et al. 2012).
Another group of researchers focused on the implication
of nanomaterials to minimize the costs for purchasing
biorecognition elements. Chin et al. incorporated silver
nanoparticles (AgNPs) onto electrode surfaces to increase
the surface area for immobilization of recognition elements
and enhance the sensitivity of electrodes (Chin et al. 2019).
A lower LOD was exhibited with the use of AgNPs-modified
SPCE in detecting the JEV virus indicating the possibility
of nanomaterial in fabricating a highly sensitive biosensor.

Zika virus (ZIKV)

ZIKV was discovered as a new flavivirus that evolved from
a geographically isolated virus to a global health problem in
the mid-twentieth century (Khristunova et al. 2020; Nicolini
et al. 2017). The similar symptoms and cross-reactivities of
ZIKV with the other flavivirus complicate the diagnosis meth-
ods (Faria and Zucolotto 2019). However, in recent years,
electrochemical sensors are suggested to replace serologi-
cal or molecular analysis because it can be easily integrated
with portable instrumentation with in situ detections of ZIKV
(Lima et al. 2021). Faria et al. developed a label-free impedi-
metric electrochemical sensor using DNA as biorecognition
element (Faria and Zucolotto 2019). They immobilized the
thiol probe DNA on AuE. The detection of ZIKV was done
when the hybridization occurred with targeted samples, and
electrochemical impedance spectroscopy (EIS) was used as
the detection technique. They found a decreasing in imped-
ance when the concentration of ZIKV was increasing as more
DNA double strands released from AuE after hybridization
(Faria and Zucolotto 2019). Mocgo et al. (2019) immobilized
oligonucleotides probe on a graphite electrode (GE), which
was altered with the reduced graphene oxide (rGO) and pol-
ytyramine-conducting polymer (PTyr) to form a genosensor
(Moco et al. 2019). PTyr and rGO were used to improve the
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conductive properties and reproducibility of the electrode. This
electrochemical genosensor is able to detect a low concentration
in femtomolar scale within 20 min in their report (Moco et al.
2019). Faria et al. developed an electrochemical immunosensor
by using zinc oxide (ZnO NRs) nanorods on a printed circuit
board (PCB) (Faria and Mazon 2019). The ZIKV-NS1 anti-
body was used as a probe to ensure the selectivity of biosensor,
while the ZnO NRs provide a large and specific surface area
for immobilization of the antibodies. This method can detect a
LOD of 1 pg/mL in an incubation solution. They also reported
that this method can detect ZIKV in urine samples without
interference with other compounds (Faria and Mazon 2019).

Dengue virus (DENV)

Dengue viruses are mosquito-borne viruses that have 4
serotypes genetically and antigenically, DENV1, DENV2,
DENV3, and DENV4 (Darwish et al. 2015; Kabir et al.
2021). It happens in most tropical and subtropical regions
over the world and becomes the major health problem due
to the high mortality rate (Eivazzadeh-Keihan et al. 2019).
Dias et al. developed a carbon nanotube ink screen printing
electrodes (CNT-SPE) with the biorecognition element of
DEN protein NS1 to detect DENV (Dias et al. 2013). They
produced SPE by incorporating the carboxylate CNTs into
carbon ink, whereas NS1 protein was immobilized on the

S

film by using ethylenediamine (EDA). CNT was introduced
to increase the electroactive surface area and enhance the
detection sensitivity (Dias et al. 2013). Rashid et al. used
silicon nanowires and AuNPs (SiNWs/AuNPs) as sensing
material on modified SPE to fabricate DNA biosensors
(Rashid et al. 2015). The purpose of SINWs/AuNPs was
improving the conductivity and providing specific surface
area for the DNA probes immobilization and hybridization.
However, this method only can produce disposable sen-
sor tips due to its low reproducibility (Rashid et al. 2015).
Nawaz et al. had developed an electrochemical immunosen-
sor that can circumvent the unknown disadvantage of using
nanomaterials such as toxicity (Nawaz et al. 2018). They
electrodeposited the bovine serum albumin (BSA) onto
SPCE, where BSA was replacing the utilization of nanoma-
terials as a transducer and additionally provide non-random
immobilization of DENV NS1 antibody. A challenge for
the detection of DENYV is the possibility of a false nega-
tive result due to different DENV serotypes (Darwish et al.
2015). Hence, fabrication of biosensors with high specificity,
simplicity, and high speed to provide selected quantitative
analytical data are crucial (Kabir et al. 2021). Then, Dutta
et al. introduced a probe, which is nitrogen, sulphur-doped
graphene quantum dots (N,S-GQDs) with AuNPs to apply
in two-way DNA detection (Dutta Chowdhury et al. 2018).
However, this probe only can determine the specific DENV
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Fig.2 Schematic representation of the general surveillance sensing system that is employed in detection of various influenza viruses. The early
detection of different influenza virus enables patients to receive an accurate health surveillance and prevent pandemic/epidemic among public
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serotype from fluorescence measurement and detect the sen-
sitivity from electrochemical measurement separately (Dutta
Chowdhury et al. 2018). Thus, this sensor needs tedious
work and is unfriendly to users, although it has high specific-
ity and sensitivity. Palomar et al. developed a specific elec-
trochemical immunosensor towards DENV serotype 2. They
modified homemade AuE with MWCNTs/AuNPs nanocom-
posite that immobilized with DENV 2 antibody (Palomar
et al. 2020). The uses of nanocomposite enhance the sur-
face area and electrochemical responses, whereas the speci-
ficity is due to the selection of the DENV 2 antibody as a
biorecognition element. The result has proven the feasibility.
However, the choice of DENV 2 antibody as a recognition
probe was unsuitable to produce the biosensor commercially
because of the high price. There are some recent research
works about electrochemical biosensors to detect respiratory
related viruses and flavivirus collected in Table 1.

Future perspective and challenges

A low LOD is one of the most important requirements for a
highly sensitive electrochemical sensor, because it indicates
the lowest concentration of target virus that can provide a

3WJ-b HRPzyme
(EC Signal
Generation)

3WJ-aApt
(Detection)

3WIJ-c SH
(Immobilization)

detectable signal (Ahmad et al. 2018; Justino et al. 2016).
The lower the LOD, the more sensitive the sensor is pro-
duced, which indicates that the virus could be detected
in very early stage. Comparing the papers of Huang et al.
(2016) and Tian (2017), which used very similar approaches,
different LODs were reported. They both detected H7
influenza virus by LSV with antibody as bioreceptors, but
Huang’s team achieved a lower LOD (1.6 pg/mL) com-
pared to LOD in Tian’s report (430 pg/mL). The difference
is mainly due to the nature of trace labels. Although Tian
et al. pointed out that CNTs/MoS, was an efficient catalytic
support with a high specific surface area that can improve
the electrical conductivity (Tian 2017), the LOD was still
higher than using AgNPs as trace markers with their facile
conditions that could enhance the electrocatalytic efficiency
(Awan et al. 2020; Huang et al. 2016). To conclude, the
choice of materials used in biosensor are crucial to get a high
sensitivity application (Ahmad et al. 2018).

The other challenges are the low durability and reproduc-
ibility of the sensors due to the biofouling (Demeke Teklemar-
iam et al. 2020). Most of the developed sensors are disposable,
and unable to fully reversible that may cause a large amount of
clinical waste. The importance of choosing proper eco-friendly
biorecognition elements and nanomaterial probes can eliminate

(c) l

1]

Current (pA)

Potential (mV)

., HA protein
i (AIV coat protein)

Multifunctional
3WJDNA

porous AuNP (pAu)
¥ hybrid nanostructure

A

Fig.3 a Functionality of every segment of three-way junction DNA
(3WJ-DNA) (Lee et al. 2019). These biorecognition elements can
be easily prepared to reduce the additional labelling process. 3WJ-a
was introduced to virus detection part. 3WJ-b was introduced to avoid
additional conjugation step for enzyme-related virus detection. 3WJ-c

was introduced into thiol groups to immobilize the DNA 3W1J without
additional linker material. b Schematic image of the fabricated AIV
detection biosensor by using 3WJ DNA as bioreceptor on porous gold
nanoparticles. ¢ The expected decreasing of CV peak after detection
of AIV
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In the presence of virus
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Fig.4 Design of wearable face mask that applied with a sensor chip
for real-time detection of virus spread through the air (Allawadhi
et al. 2021). The nanosensor chip on the face mask shows the value

the drawbacks (Khan et al. 2020). Modification and function-
alization of nanomaterials, e.g. carbon nanotubes (CNTs), gold
nanoparticles (AuNPs), quantum dots, and nanocomposites, on
electrode surface can improve the sensor stability and amplify
the corresponding electrochemical signal, due to high chemi-
cal durability, compatibility, large surface-to-volume ratio, and
strong mechanical strength of nanomaterials (Curulli 2020).
Among the nanomaterials, AgNPs have attracted great interest
in clinical applications due to their antimicrobial, antiviral, high
surface plasmon resonance (SPR), and low oxidation potential,
which can enhance the signal in the detection and inhibition of
viral diseases (Allawadhi et al. 2021; Niaz et al. 2018; Ravin-
dran et al. 2013; Yu 2020). For instance, Huang et al. reported
that the synthesized AgNP-G bioconjugates could be stored
for at least 2 weeks under proper storage (Huang et al. 2016).
In addition, they also reported that the prepared bioconjugates
still showed 91.2% of their original response after 1 month of
storage. However, there are also limitations associated in using
nanomaterials, e.g. unstable morphology control, exhibit of tox-
icity, and low biocompatibility (Choi et al. 2021). Therefore,
characterization of synthesized probe and optimization proce-
dures with the respective analyte detection are vital to prepare
a high-sensitivity, reproducibility, and portable sensor device
(Dhal et al. 2020).

Moreover, the cross-reactivity between homologous viruses
also may cause false results in differentiating the virus even

@ Springer
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on spot upon interaction with the targeted virus in the early stage.
The sensor chip could connect with software application to check by
phone, and it is detachable from washable face mask

affecting further treatment, control, or prevention (Zhang et al.
2021). Many electrode surface modifications with specific
biorecognition elements, e.g. antibodies or DNA, can ensure
the selectivity of a sensor, but most biorecognition elements are
expensive because they are sensitive to degradation (Morales and
Halpern 2018). Therefore, some synthetic analogue polymers
that are imitating antibodies can be applied in the fabrication to
maintain the native conformation (Khristunova et al. 2020). For
example, Raziq et al. introduced MIPs to stabilize the sensor that
was immobilized with 3WJ DNA (Raziq et al. 2021).

Despite the focus on the efficiency of electrochemical sen-
sors, the form of the sensors can also be considered in designing
the supportive viral detection devices in the future trend. For
example, a wearable face mask that was applied with a bio-
sensor chip was developed to help in tracking and identifying
virus infections from the air by showing values upon detection
in the early stage (Fig. 4) (Gowri et al. 2021). In addition, the
form of the smart nano-biosensor chip can assist the public in
self-checking with the only requirement of a smartphone as a
data analytics platform on spot (Salimiyan rizi 2021). In fact,
there is a huge potential for exploiting biosensors to detect viral
infections as the global biosensor market is expected to grow
by USD 19.79 billion from 2019 to 2027 (Lima et al. 2021). In
conclusion, most of the sensing methods or devices still need
further evaluation and verification before investing in the mar-
ket to ensure the consistency and quality.
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Conclusion

This review summarizes the studies on the applicability of elec-
trochemical biosensors to detect respiratory-related viruses and
flavivirus. Treatments and more accurate diagnoses of these
viruses are still a huge challenge for the entire world even
though scientists have worked out many facts about the virus,
e.g., structure, origin, and infection mode (Eivazzadeh-Keihan
et al. 2019; Nicolini et al. 2017). Moreover, even though there
are many extensive investigations of different innovative sys-
tems that had been conducted to develop a new electrochemical
sensor, there are still many other unknown parameters, e.g. sup-
plied potential, environment temperature, and scan rate, that can
affect the performance (Ahmad et al. 2018). Based on the litera-
ture, the developed sensors are efficient, but the requirements
of laboratory and costly techniques are yet needed in handling
the diagnosis process, surface immobilization condition, and
sample preparation. Hence, priorities for the new measures are
to be more commercialized, cost-effective, efficient, and user-
friendly to improve the viral disease surveillance and manage-
ment throughout the world.
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