- 10.14450/2318-9312.y37.61.a2025.pp2329 = 't {(L/: CENCIAS FARMACEUTICAS i ek " Revisio

Novel electrochemical-biosensors for rapid
detection of SARS-Cov-2

Novos biossensores eletroquimicos para deteccdo rapida
de SARS-Cov-2

Recebido em: 5/2/2024
Aceito em: 23/9/2024 Irene Satiko Kikuchi', Norma Lucia Buritica Zuluaga?

'Faculdade de Ciéncias Farmacéuticas da USP -Departamento de Farmacia - Av.
Prof. Lineu Prestes, 580 - 05508-900 Sao Paulo —SP, 2Instituto de Quimica da
USPAV. Prof. Lineu Prestes, 74805508-900 Sao Paulo-SP

E-mail: luciabz@icb.usp.br

ABSTRACT

This mini-review aimed to research the latest and most innovative platforms to detect SARS-CoV-2 and
focused on electrochemical sensors based on virus-specific nucleic acid. The search for articles was per-
formed using Web of Science, Scopus and Science Direct in the period of 2019-2022. The number of these
researches decreased in 2022 due to the control of the pandemic, but the technologies involved in these
developments have shown improvements in detection and possible application to other diseases.
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RESUMO

Esta mini-revisdo teve como objetivo pesquisar as plataformas mais recentes e inovadoras para detectar
SARS-CoV-2 e focou em sensores eletroquimicos baseados em acido nucleico especifico do virus. A
busca de artigos foi realizada nas plataformas Web of Science, Scopus e Science Direct no periodo de
2019-2022. O niimero dessas pesquisas diminuiu em 2022 devido ao controle da pandemia, mas as tecno-
logias envolvidas nesses desenvolvimentos t€ém apresentado melhorias na detec¢do e possivel aplicacao
para outras doengas.
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INTRODUCTION ral platforms have resulted in false positives or false
negatives, for example those used in cassette format

Severe acute respiratory syndrome coronavirus ~ during the pandemic. The latter situation was more
2 (SARS-CoV-2) has spread worldwide and promo- ~ complicated because it allowed contamination to
ted the COVID-19 pandemic. Its rapid dissemina- ~ spread among healthy people and researchers were
tion generated this serious situation and required the ~ challenged to improve or create new platforms or
urgent development of an accurate and rapid way to ~ systems to avoid false results.
detect infected patients. Several systems have been Nowadays it is known that the antigen can be
developed and applied to virus detection, but seve- ~ detected in nasopharyngeal swabs in suspected co-
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ronaviruses during the first days of infection and
antibodies after a few of these days. Each case re-
quires adequate systems for the correct diagnosis.

Reverse transcription-polymerase chain reac-
tions (RT-PCR) has been considered the gold stan-
dard technique for diagnosing the coronavirus in
the initial phase of infection by detecting its nucleic
acid, the RNA of samples obtained by swabs of the
nasal and oral mucosas. Any previous contact with
the virus can lead to the production of specific an-
tibodies such as immunoglobulin M or G (IgM or
IgG) and demands platforms for serological tests.
In the latter case, laboratories require platforms
with characteristics such as simplicity, speed, sensi-
tivity, accuracy, ease of use, price, and so on.

Due to the urgency to detect positive patients,
several regulatory agencies have authorized the use
of new systems for detecting antigens or antibodies
after submitting analyzes from institutions with evi-
dence of some of these characteristics to them. The
coronavirus developed different mutations and then
new virus lines started to spread and there were also
many false positives or negatives. This fact led to the
recall of several diagnostic systems, in addition to
problems with the security of detection mechanisms.

Some requirements to become a popular pla-
tform for application or use in routine laboratories
were previously mentioned and electrochemical
biosensors were chosen for their high selectivity and
sensitivity, possibility of portability, short analysis
time, simplicity and low cost (1). These good fe-
atures and technologies developed over the past 2
years have allowed them to be used on a number
of new platforms and to detect viruses other than

the coronavirus. There are two main categories of
biosensors, immunological and nucleic acid based,
but the latter has been considered better due to its
DNA/RNA specificity and most researchers have
been working based on this technology.

This work aimed to verify the best platform
and new techniques for diagnosing coronavirus,
as well as trends for other infections that can
spread around the world.

We also emphasize that we do not intend to dis-
cuss specific details of the electronic elements for
generating signals from each new type of device,
but only to inform the public of general and brief
characteristics of advances in diagnostic devices.

METHOD

The search for studies concerning electro-
chemical-biosensors was performed through the
evaluation of keywords, titles, and abstracts. Arti-
cles published in English from 2019 to 2022 were
considered. According to the exclusion criteria,
studies that did not evaluate the applicability of
electrochemical-biosensors in the detection of coro-
naviruses and those that used biosensors and elec-
trochemistry, but were intended for the detection of
other viruses that do not belong to the COVID-19,
were disregarded. The search, organization and wri-
ting of the systematic review followed the preferred
reporting elements for the systematic review and
meta-analysis statement (PRISMA) (2). All availa-
ble data obtained from the three scientific databases
addressing electrochemical biosensors for corona-
virus detection were included.

Table 1. Inclusion/exclusion criteria listed in order of application.

INCLUSION CRITERIA |

Articles in English

EXCLUSION CRITERION

Non-English language articles

Electrochemical Biosensors

Short communications, reviews and thesis

Biosensors and coronavirus detection

Biosensors that do not function using an electrochemical transducer

electrochemical Immunosensors

Biosensors that were not applied for coronavirus detection
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Figure1. Scheme and results of studies included in this work with novel electrochemical biosensors.
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RESULTS AND DISCUSSION

When the SARS-Cov-2 pandemic was confirmed worldwide, researchers made efforts to develop ac-
curate and rapid tests to detect positive patients to treat them and prevent the spread of the disease by non-
-symptomatic individuals. Several platforms were developed, but false positives or false negatives were
detected due to technical failures or emergence of new virus variants. Figure 1 presents a scheme for obtai-
ning the main reports addressed in this mini-review and in Table 2 we summarize the main original articles
published in 2022 on electrochemical sensors and present their characteristics in the subsequent paragraphs.

Table 2—Main articles with novel techniques mentioned by Databases for year of 2022

Reference ‘ Sensor [ technique

®3)

Electrochemical Immunosensor

Innovation

Epitope based biosensor; specific to

SARS-CoV-2 without interferences

(4) Electrochemical genosensor
(5) Electrochemical biosensor Use of salive
(6) Electrochemical biosensor Nanocrystals on paper electrode
Zn0 and rGO-coated electrode and N-protein im-
7) Electrochemical immunosensor

munobiosensor
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Electrochemical sensor

W

Novel biosensor based on gold without

amplification

Impedance

NP polypirrole and gold particles nanosensors

Electrochemical sensor

CRISPR

(10) Potentiometry

Magnetic beads and gold nanoparticles
conjugated to ACE2 peptide to detection of virus in

human saliva

(1)

Impedance

Compact and Low cost- sensitivity of fM

(12)

Impedance

CRISPR -Detection without

amplification —sensitivity of fM

Electrochemical sensor

(13)

CRISPR - Carbon electrode

(14) Electrochemical sensor

Aptasensor —sensitivity of fM

Legend: ACE2 —angiotensin-converting enzyme type 2; CRISPR —Clustered Regularly Interspaced Short Palindromic Repeats; fM — fentomolar; NP —nanoparticle; rGO —re-

duced graphene oxide; ZnO—zinc oxide.

Ameku et al. (2022) developed an electro-
chemical biosensor to detect serological IgG an-
tibody in sera, specifically the spike glycopro-
tein epitope. The system consisted of electrodes
with a surface modified with the virus peptide,
the specific epitope of the SARS-Cov-2 spike
glycoprotein in the case of COVID-19. This
structure can capture its specific IgG antibodies
and a redox molecule is generated, allowing
variation of electronic signals that can be me-
asured by the equipment. The researchers used
sera obtained from 14 positive patients and 17
negative individuals for the diseases studied in
order to evaluate the new system and obtained
selectivity and specificity of 93% and 100%,
respectively, and no cross-reaction when chal-
lenged against diseases such as Chagas disease,
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Chikungunya, Leishmaniasis and Dengue (3).
This result is very important due to the similar
symptoms between these diseases and another
point demonstrated by them was the detection
of infected and non-infected individuals even
in samples with high serum dilutions. They also
demonstrated low volume required for analysis
as 2 nL by electrochemical biosensor instead of
around 100 pL by ELISA (3). The authors cited
the flexibility of this platform to be adapted to
detect other pathogens or virus strains.

Cajigas et al. (2022) developed an elec-
trochemical genosensor based on interaction
with magnetic beads and detection by chrono-
amperometry. Initially, the authors evaluated
the SARS-CoV-2 genome to identify some
conserved bases and, based on this informa-
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tion, they constructed primers to use as targets
and immobilization probes on magnetic parti-
cles. Since the structure was designed in the
form of a sandwich, in the presence of viruses,
the system can generate electrochemical sig-
nals that are detected by the instrument. The
advantages of the system is its specificity and
sensitivity in detecting concentrations at fem-
tomolar (fM) levels.

The authors demonstrated also abilities to
differentiate SARS-CoV-2 and other viruses
such as Middle East Respiratory Syndrome
(MERS), HKUI coronavirus (4). This platform
can detect genetic material from infected pa-
tients even when they do not have symptoms.

Deng et al. (2022) developed an electro-
chemical biosensor based on target-triggered
cascade signal amplification (5). The same
group (Shi et al., 2021) previously developed
a biosensor through an aptamer-functionalized
nanochannel that detected the coronavirus in
one step, and now they have improved detec-
tion by signal amplification (15). The new bio-
sensor was tested on oropharyngeal swab sam-
ples from 5 patients and 5 healthy individuals
and demonstrated high sensitivity for coronavi-
rus RNA at low concentrations such as 45 fM
levels. The authors cited the platform as low
cost and easy to use, being a new option for the
diagnosis of COVID-19.

Hatamluyi et al. (2022) designed a sensitive
and specific electrochemical biosensor, a novel
free-nucleic acid amplification and based on DNA
probe specific for SARS-CoV-2 RNA immobilized
on boron and gold nanostructures (1). This platform
was applied to test a total of 120 samples from clini-
cal and distinguished positive and negative groups
with 100% sensitivity and 100% specificity, even
in presence of interfering species in the extracted
RNA matrices and required a short processing time,
such as 30 min of incubation (1).

Hryniewicz et al. (2022) also worked with an
electrochemical biosensor based on gold nanopar-
ticles and detection of SARS-CoV-2 nucleocapsid
protein (N) antibodies (8). In this study, the resear-
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chers tested the new system on positive and negati-
ve serum samples prepared by themselves and also
on 10 SARS-CoV-2-positive samples provided by
public health units. Preliminary results demonstra-
ted good differentiation between positive and nega-
tive clinical samples. Similar results were obtained
by Nascimento et al. (2022) who applied the an-
giotensin-converting enzyme 2 (ACE2) peptide on
magnetic beads and gold nanoparticles to capture
and detect the SARS-CoV-2 spike protein in human
saliva (10). In this work, 32 samples were provided
by the Hospital of Federal University of Sao Car-
los (Sao Paulo, Brazil), 16 from healthy individuals
and 16 from patients with Covid-19.

Salahandish et al. (2022) designed a binary
sensing platform (BiSense) of an electrochemi-
cal immunobiosensor and demonstrated the pos-
sibility of clinical use with low cost and speed.
Monoclonal N-Protein antibodies were prepared
and immobilized on electrodes as a dual protein
N immunobiosensor to monitor the bipotentios-
tat (BiSense) and measurement of impedance
change associated with the immunoreaction.
This apparatus could overcome the immuno-
-biosensor challenge regarding portability, cost
and speed. According to the authors (11), the
platform was 100 times cheaper than the marke-
ted potentiostat, sensitive, fast detection (<1.5
min), very low detection limit (56 and 68 fg/
mL for WE1 and WE2, respectively), less than
15 min to differentiate patients infected with
COVID-19 and for early diagnosis. The rese-
archers used the new system on 22 swabs with
nasopharyngeal (NP) samples collected from 12
patients confirmed by the RT-PCR test and 10
from donors negative for SARS-Cov-2. Even
with the advantages mentioned, the measure-
ment results showed a variation of 10%, which
was acceptable, but partially attributed to non-
-homogeneous samples collected with swabs
and not due to the apparatus. This work shows
the importance of reviewing several parameters
to improve the system, since the advantages ou-
tweigh the difficulties experienced during the
development of the sensors.
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Table 3. Advantages of new technologies

References | System | Advantages
5 Electrochemical | - Detection and distinction of diseases such as Chagas disease, Chikungunya, Leish-
Immunosensor maniasis and Dengue; need for low volumes for analysis, such as 2 nL.
- Specificity and sensitivity of detection at fentomolar concentrations; abili-
S ficit d tivity of detect tfent lar (fM) trat bil
) Electrochemical | ti€sto differentiate SARS-CoV-2 and other viruses such as Middle East Respiratory
eleBEElr Syndrome (MERS), HKUI coronavirus ; detection of genetic material from infected
patients even without apparent symptoms.
; Electrochemical | ~High sensitivity for coronavirus RNA at low concentration as the limit of 45 fM;
biosensor low cost and easy to using.
Electrochemical . . e .
1 - Short processing time, such as 30 min of incubation.
sensor
11 (11) Impedance - Low cost and speed; very low detection limit (fg/mL).

The detections of SARS-CoV-2 by gold stan-
dard methods demonstrated special and expensive
equipment requirements, technicians with specific
training and, consequently, high cost and time to re-
ach accurate and safe results. Improvements must
be sought and some results have been demonstrated
by the use of the recent CRISPR system (clustered
regularly interspaced short palindromic repeats) in
electrochemical sensors. The first systems were ba-
sed on DNA architecture applied to a gold electrode
(9, 12) and, more recently, researchers such as Wu
Letal. (2022) developed another ultrasensitive sen-
sor with a carbon electrode (13). All these authors
are looking for lower and more specific systems and
have shown advantages in adapting them to detect
other diseases. The number of samples tested in
each article is not so large as to be validated for
commercial purposes, but it can be considered for
future improvements of the platform itself and ex-
tended to several viruses.

The new technologies require specific know-
ledge related to Immunology, Molecular Biology
and Electronics. The development of biosensors
associated with electronic measurements has also
demonstrated the need for multidisciplinary profes-
sionals to overcome problems related to costs and
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speed to provide robust systems for detecting virus
contamination in patients. During the peak of the
pandemic, several systems were developed and tes-
ted, but antigen cassettes became more popular and
faster for detecting COVID-19 and the number of
articles with electronic sensors for this purpose has
decreased. This fact does not invalidate the research
because the new technologies can be used to impro-
ve devices for detecting other viruses.

CONCLUSIONS

When the SARS-Cov-2 pandemic was con-
firmed worldwide, researchers strove to develop
accurate and rapid tests to detect positive patients
in order to treat them and prevent the spread of
the disease among non-symptomatic individuals.
Several platforms have been developed, but false
positives or false negatives can be detected due to
technical failures or the emergence of new virus
variants. RT-PCR is considered the gold standard
method for detecting viral nucleic acid, but new
platforms have been developed to improve sen-
sitivity, accuracy, cost, ease of use and speed in
obtaining results. Vaccines can help and decrease
cases of death and, as a result, searches for diag-
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nostic methods have also decreased. In addition,
we verified a large number of new techniques for
electrochemical biosensors with high sensitivity,
lower cost, speed and ease than the first methods.
Most of the researches were tested on real samples
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