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Abstract
The Middle East respiratory syndrome corona virus (MERS-CoV) is highly pathogenic. An immunosensor for the determination
of MERS-CoV is described here. It is based on a competitive assay carried out on an array of carbon electrodes (DEP) modified
with gold nanoparticles. Recombinant spike protein S1 was used as a biomarker for MERS CoV. The electrode array enables
multiplexed detection of different CoVs. The biosensor is based on indirect competition between free virus in the sample and
immobilized MERS-CoV protein for a fixed concentration of antibody added to the sample. Voltammetric response is detected by
monitoring the change in the peak current (typically acquired at a working potential of −0.05 V vs. Ag/AgCl) after addition of
different concentrations of antigen against MERS-CoV. Electrochemical measurements using ferrocyanide/ferricyanide as a probe
were recorded using square wave voltammetry (SWV). Good linear response between the sensor response and the concentrations
from 0.001 to 100 ng.mL−1 and 0.01 to 10,000 ng.mL−1 were observed for MERS-CoVand HCoV, respectively. The assay was
performed in 20 min with detection limit as low as 0.4 and 1.0 pg.mL−1 for HCoVand MERS-CoV, respectively. The method is
highly selective over non-specific proteins such as Influenza A and B. The method is single-step, sensitive and accurate. It was
successfully applied to spiked nasal samples.

Keywords Corona virus . Voltammetry . Array electrode . Electrochemical biosensor . MERS-CoV . HCoV . Multiplexed
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Introduction

The Middle East Respiratory Syndrome Corona Virus
(MERS-CoV) is one of the highly pathogenic viruses. It
causes thousands of serious illness and hundreds of human
life losses in Saudi Arabia and all over the world. Human
respiratory infections caused by corona viruses (CoV) such
as HCoV-229E and HCoVOC43 are known since 1960s [1]
and later another few types of CoV have been discovered such

as SARS-CoV, HCoV NL63 and HCoV HKU1 [2]. Severe
respiratory illness in human due to MERS-CoV was first re-
ported in June 2012 at Jeddah hospital in Saudi Arabia.Within
short period of time, another patient with acute kidney injury
and acute respiratory syndromewas reported in Qatar. In April
2012, two patients were found to be infectedwithMERS-CoV
in Jordan [3]. Since MERS-CoV was identified, it spread over
23 countries. 1936 cases with 690 deaths (35.6% case fatality
rate) have been reported by the WHO caused via MERS-CoV
until 27 April 2017 [4]. In South Korea, an outbreak of 180
confirmed MERS-CoV infected cases and 36 deaths were re-
corded in May and June 2015 [5].

The incubation period of the MERS-CoV varies between 2
and 14 days [6]. Children’s, young adult and pregnant women
are more susceptible to MERS-CoV [7]. There is strong evi-
dence from the clustering studies for spreading the virus from
human-to human. This transmittance might cause mild illness,
severe pneumonia, severe respiratory syndrome, multi organ
failure [6]. Other symptoms of MERS-CoV infections include
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nausea, fever, anorexia, disseminated intercellular coagula-
tion, vomiting, abdominal pain, diarrhea were also reported
[8]. So far, there is no approved vaccine or antiviral therapy
for MERS-CoV. MERS-CoV cases must be confirmed by the
WHO and Ministry of Health – Saudi Arabia recommended
laboratory tests. Real time reverse Transcription PCR (rRT-
PCR) is recommended by WHO. The suspected cases must
be screened by the two qRT-PCR from two specific genome
regions and reconfirmed by one qRT-PCR from the positive
genome [9, 10].

Several other assays for virus detection such as immu-
nofluorescence assay [11], protein microarray assay [12],
reverse transcription loop mediated isothermal amplifica-
tion assay (RT-LAMP) [13, 14], viral plaque assay [15],
Hemagglutination assay [15], viral flow cytometry (FCM)
[16] and enzyme linked immunosorbent assay (ELISA) [2]
can be also used. Despite of the high sensitivity of these
methods, they are not suitable for large scale screening for
multiple samples because of their high cost and long anal-
ysis time. Moreover, these methods needs skilled personal
to perform and not suitable for point-of-care testing.

Nanobiotechnology plays a potential role in the clinical
applications particularly, in the development of biosensors
for the detection of pathogenic microorganisms. Various
immunosensors have been reported for the detection of
virus using different transducers as better alternative to
traditional assays. For instance, the detection of SARS-
associated coronavirus (SARS-CoV) in sputum in the gas
phase was done by piezoelectric immunosensor. This work
was based on the binding of horse polyclonal antibody of
SARS-CoV to piezoelectric crystal surface through pro-
tein A. The mass of the crystal was changing and shift in
the frequency was recorded upon virus binding [17].
Localized surface plasmon coupled fluorescence
(LSPCF) fiber-optic biosensor was also developed for
the detection of SARS corona virus (SARS-CoV) nucleo-
capsid protein N. LSP with sandwich immunoassay tech-
nique [18]. Label-free RNA amplification and detection
method was developed for the detection of MERS-CoV
by using bio-optical sensor. The LOD of this assay was
10 times more sensitive than rRT-PCR method [19].
Another new generation system was developed for the
robust and facile diagnosis of MERS-CoV based on iso-
thermal rolling circle amplification (RCA) method [20].
However, these methods are still time consuming and
costly which limits their wide applications.

Electrochemical immunosensors have become an ap-
pealing choice due to their high sensitivity, low-cost, ease
of use and possibility of miniaturization. Different electro-
chemical immunosensors for influenza virus were reported
using differential pulse voltammetry (DPV) [21], imped-
ance spectroscopy (EIS) [22], linear sweep voltammetry
[23, 24], chronoamperometry [25] and cyclic voltammetry

[26]. Electrochemical immunosensor based on reduced
graphene oxide (RGO) integrated with microfluidic chip
for label-free detection of an influenza virus, H1N1 was
also reported showing good selectivity and enhanced de-
tection limit [27]. Human immunodeficiency virus (HIV)
was detected using DPVon multi-walled carbon nanotubes
(MWCNTs) modified glassy carbon electrode (GCE).
Human papillomavirus (HPV) was also detected using
glassy carbon electrode modified with graphene/Au nano-
rod/polythionine via DPV and EIS [28].

Gold nanoparticles (AuNPs) are the most stable metal
nanoparticles, due to their unique optical, electronic, catalytic
activity, high biocompatibility properties and enhanced elec-
tron transfer rate [29]. Therefore, they have shown wide ap-
plications in various electrochemical biosensors. Gold nano-
particles can be prepared by the chemical or electrochemical
reduction of gold salt [30]. Electrodeposition of AuNPs on the
surface of carbon electrodes is very appealing way due to its
direct, fast and easier preparation method [31].

To the best of our knowledge, until now, no electrochemi-
cal biosensors have been reported for the detection of MERS-
CoV. In this work, a novel competitive electrochemical
immunosensor for MERS-CoV virus detection is developed.
Electrodeposition of AuNPs on carbon disposable array elec-
trodes was used for the electrode preparation. The
immunosensor is fabricated on array electrodes to enable the
simultaneous detection of different types of CoV virus. This
novel competitive immunosensor enables a single step, sensi-
tive and selective detection of MERS-CoV and can be suc-
cessfully applied in spiked nasal sample. Furthermore, the
electrochemical immunosensor provides a low cost, high sen-
sitivity, capability of miniaturization, and on-site high
throughput screening of multiple samples.

Experimental section

Materials and reagents

Potassium nitrate (KNO3), gold (III) chloride solution
(30 wt.% in dilute HCl), glutaraldehyde (25%), cysteamine
hydrochloride, potassium ferrocyanide (K4Fe(CN)6),
Potassium ferricyanide (K3Fe(CN)6), bovin serum albumin
(BSA) and phosphate buffer saline (PBS) were purchased
from Sigma (Ontario, Canada) (http://www.sigmaaldrich.
com/canada-english.html). Antigen of HCoV (Oc43 N) and
antibody for HCoV - Oc43 were purchased from Medix
Biochemica (Finland) (https://www.medixbiochemica.com/
en/). MERS-CoV antigen – 725 Spike protein S1 and
MERS-CoV antibody were purchased from Sino Biological
(Beijing, china) (https://www.sinobiological.com/). Antigen
of Influenza A (N1H1) No. J8034 and Influenza B, No.
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J8035 were purchased from biospacific (CA, USA) (https://
www.biospacific.com/).

Antigens and antibodies for both HCoV and MERS-CoV
were prepared and diluted in PBS buffer, 10 mM, pH 7.4.
Glutaraldehyde solution was also prepared in PBS. Milli-Q
water was used for the preparation of all the solutions.

Instrumentation

All the instrumentations and electrodes used in this work are
described in detail in the Electronic Supporting Material.

Procedures

Electrodeposition of gold nanoparticles on the carbon array
electrodes

The deposition of AuNPs on the 8 electrode surfaces were
performed using the protocol reported previously [30–34].
The details are included in the Electronic SupportingMaterial.

Array electrodes modification and multiplexed
immunosensor fabrication

The eight working electrodes of the array sensors were incu-
bated with 50 μl of 10 mM solution of cysteamine for 2 h in
water-saturated atmosphere at room temperature. Then, the
electrodes were incubated for 1 h with 50 μL of 2.5% glutar-
aldehyde in PBS buffer after washing with water. The elec-
trode surfaces were then covered by 10 μg.mL−1 solution of
human corona virus (HCoV) or MERS-CoVantigens (10 μL
of each solution was incubated on different electrode on the
same chip) in PBS buffer, pH 7.4 and incubated for 1 h at
room temperature in water saturated atmosphere. Then, elec-
trode was washed extensively with buffer and incubated in
1% BSA solution for 30 min to minimize the nonspecific
adsorption and block the unreacted aldehyde groups and the
free gold surface. Finally, the modified electrodes
(immunosensors) were rinsed extensively by PBS buffer to
remove the excess BSA and used directly for the detection
experiments or stored at 4 °C in buffer until further use. In the
current configuration, 8 electrodes were used. Two control
electrodes for comparative purposes were prepared by
immobilizing BSA instead of the target antigens. Four elec-
trodes were used for MERS-CoV antigen and 2 electrodes
were used for HCoVantigen. This enables the duplicate mea-
surements for each sample and also testing the cross reactivity
on the same chip. The 8 electrodes can be also used in the
future to immobilize 8 different COV antigens for more
multiplexed detection.

Electrochemical measurements

Square wave voltammetry measurements (SWV)were record-
ed by scanning from 0.4 to −0.3 V, amplitude: 20 mV, fre-
quency: 25 Hz, and step potential: −5 mV. Base-line correc-
tions were done for all the SWV data. The measurements for
the calibration plot were acquired at a working potential of
−0.05 V vs. Ag/AgCl.

Competitive voltammetric detection of human corona virus
(HCoV) and MERS -CoV

Indirect competitive assay using a fixed concentration of
antibody was performed for HCoV and MERS-CoV free
analyte. After the immobilization of HCoV and MERS-
CoV antigens on the working electrodes, each modified
electrode on the chip was incubated with a mixture con-
taining different concentrations of free HCoV or MERS-
CoV antigens in the range of 1 pg.mL−1- 10 μg.mL−1 and
10 μg.mL−1 solution of HCoV antibody for 20 min (the
mixture of each antigen with its antibody was prepared off
the chip in an Eppendorf Tube and 10 μL of each mixture
were immediately incubated on the corresponding modi-
fied electrode surface). All the electrochemical measure-
ments were taken in 5 mM solution (1:1 ratio) of mixture
of ferrocyanide/ferricyanide ([Fe (CN)6]

3−/4-) in 0 .1M
PBS, pH 7.4. The COV immunosensor response was cal-
culated as (Io-I)/Io%, where (Io) is the SWV current mea-
sured at the antigen-modified electrodes after blocking
with 1% BSA and (I) is the current measured after the
immunosensor was incubated with a mixture of HCoV
antibody or MERS-CoV antibody with different concen-
trations of free analyte of HCoV or MERS-CoV.

Optimization of the experimental conditions

Concentration of antibody

The concentration of antibody is critically important for
immunosensor performance. Various concentrations of
HCoV and MERS-CoV antibodies (10 μL of each antibody
solution was incubated on its specific electrode) were tested
by incubation with the antigens-modified electrodes in order
to achieve the best performance of the immunosensor.

Binding time

At the optimized concentration of antibodies (10 μg.mL−1),
we changed the incubation time at different points (5, 10, 15,
20, 30, 40, and 60 min) and the SWV measurements were
recorded in 5 mM [Fe (CN)6]

3−/4-solution.
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Spiked nasal fluid testing

Artificial nasal fluid sample was used to test HCoV and
MERS-CoV sensor. Different concentrations of HCoV and
MERS-CoV solutions of 10 μL of (0.1 ng.mL−1, 1 ng.mL−1,
10 ng.mL−1) spiked in 1:100 diluted nasal fluid were mixed
with 10 μL of 10 μg.mL−1 of the antibodies solutions. Then,
10 μL of each mixture were applied separately to the surface
of the working electrodes containing the HCoV and MERS -
CoVantigens and incubated at room temperature for 20 min.

The selectivity experiments

It is important to study the selectivity of the immunosensor.
This purpose is achieved by using different nonspecific pro-
teins such as Flu A and Flu B antigens. It’s performed by
mixing 20 μL of 20 ng.mL−1 of Flu A or Flu B antigens with
20 μL of 20 μg.mL−1 HCoV antibody, and mixing 20 μL of
20 ng.mL−1 of Flu A or B antigens with 20 μL of 20 μg.mL−1

MERS-CoVantibody. Then, each mixture is applied separate-
ly on the HCoV and MERS-CoV immunosensors and incu-
bated for 20 min. SWV measurements were recorded after
washing the immunosensor with PBS buffer pH 7.4.

Results and discussion

Working principle of the immunosensor

Scheme 1 illustrates the preparation of the MERS-CoV
immunosensor and the detection process. The biosensor

consists of a competitive immunoassay carried out on a DEP
array electrodes nanostructured with gold nanoparticles to en-
able the multiplexed detection of different CoV. MERS-CoV
and HCoVantigens were used for proof of concept; however,
the 8 electrodes can be also used to immobilize 8 different
COV antigens for more multiplexed detection in the future.
And further increase of the number of the electrodes on the
array chip will allow the high throughput screening of many
samples (hundreds) in one go which will significantly reduce
the cost and the time of the overall assay. It is worth noting that
the cost of the used screen printed array electrode is very low
compared with the cost of single 8 electrodes.

Here, we used MERS-CoV recombinant spike protein
S1 (Human betacoronavirus 2c EMC/2012) as a biomarker
for the sensor construction. This protein comprises 719
amino acids and has a predicted molecular weight of
79.9 kDa. The biosensor is based on the indirect competi-
tion between the free virus in the sample and immobilized
MERS-CoV protein for fixed concentration of added anti-
body to the sample. The detection was achieve by measur-
ing the reduction peak current of ferro/ferricyanide redox
couple after each step. The binding of the antibody to the
immobilized protein would lead to a decrease in the SWV
reduction peak current. This reduction in the peak current
is attributed to the coverage of the electrode surface with
the bulky sized antibodies (the antibodies in general have a
molecular weight of approximately 150 kDa). This cover-
age of the surface with the antibody retards the access of
the ferro/ferri cyanide redox couple to the conductive sur-
face and therefore reduces the electron transfer efficiency
which in turn leads to a decrease in the current. The sensor

Scheme 1 COV immunosensor array chip (a). The immunosensor fabrication steps (b), the detection process of the competitive immunosensor
for the virus (c)
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response is then detected by monitoring the change in the
peak current upon adding different concentrations of the
MERS-CoV antigen.

Scanning electron microscopy (SEM) characterization
of the deposition of AuNPs on the array electrode
surface

The surface of the carbon electrode chip was modified using
AuNPs in order to enhance the electron transfer rate and pro-
vide higher surface area. The high surface area leads to immo-
bilization of higher number of immobilized biomolecules
which improves the biosensor response signal.

The deposition of AuNPs on the 8 array electrodes chip
was done using the protocol reported previously [32–36].
This protocol has been highly successful in producing homo-
geneous layer of particles on different surfaces such as
graphene and gold. First, the electroreduction of gold chloride
salt was performed using different CV cycles in order to opti-
mize the deposition. Figure 1a and b show the SEM images
for the carbon array electrode surface modified with 20 CV
scans at different magnifications, whereas Fig. 1c and d show
the surface modified with 30 CV scans. As shown from the
SEM characterization, homogenous layer of spherical parti-
cles of gold was obtained with average diameter of 50 nm
when the electrodes were modified with 20 CV scans; how-
ever, with increasing the number of CV scans than 20, more
dense and aggregated particles were observed. Thus, 20 CV
scans were chosen for the deposition in order to avoid the
aggregation of particles which can reduce the surface area
and the reproducibility of the sensors.

Characterization of the MERS-CoV biosensor
fabrication steps

The characterization of the immunosensor was performed by
measuring the SWVof the DEP array electrodes after AuNP
deposition, cysteamine incubation and immobilization of the
MERS -CoV antigen and blocking by BSA. Square wave
voltammetry was utilized to characterize the stepwise modifi-
cation of the antigen-modified electrodes. Figure 1e shows the
SWV in ferro/ferricyanide redox solution for the bare DEP
carbon array electrodes before and after each modification
step. Awell-defined sharp SWV cathodic peak for the reduc-
tion of the redox molecules was observed at the bare carbon
electrode. Upon the AuNPs deposition on the working elec-
trode surface via the electroreduction of gold salt, the peak
current significantly increased. This is due to the increase in
the surface area and electron transfer rate of the AuNPs-
modified electrodes compared with the carbon. The reduction
peak current was then increased after the cysteamine assembly
on the AuNP/ DEP array electrodes. This can be attributed to
the electrostatic attraction of the redox anions to the positive
amine terminals of the cysteamine which led to the elevation
of the current. Then, after the activation with gluteraldehyde
and MERS-CoV antigen immobilization, the current was de-
creased. This decrease in the peak current is due to the barriers
created on the electrode surface because of the bulky protein
which retards the redox molecules to reach surface. This im-
plies the successful covalent attachment of the antigen by
reaction of the amino groups of the protein with the terminal
aldehyde groups on the electrode surface forming imide bond.
In order to confirm the multiplexing capability of the
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Fig. 1 Scanning electron microscopic images of, AuNPs deposited on
electrodes using 20 CV scans at 12000x magnification (a) and 100,000x
magnification (b); the AuNPs deposited using 30 CV scans at 12000x
magnification (c) and 100,000x magnification (d). Characterization of
MERS- CoV immunosensor fabrication step (e). Square wave

voltammetry in ferro/ferricyanide redox couple of the bare carbon array
electrodes (black), after AuNPs electrodeposition using 20 CV scans
(red), after cysteamine attachment (green), after gluteraldehyde
activation (cyan) and after immobilization ofMERS-CoV (blue) antibody

Microchim Acta (2019) 186: 224 Page 5 of 10 224



fabricated biosensor, we immobilized different antigens for
different types of CoV such as MERS-CoVand HCoV.

Optimization of the assay

Antibody concentration optimization

It is highly important to study the effect of the antibody con-
centration that we will be used for the competitive assay in
order to get the best sensor response. Figure 2a shows the
biosensor response (the percentage change in the SWV reduc-
tion current before and after incubating the antigen-modified
electrodes with different concentrations of antibodies in the
range of 0.5 μg.mL−1 to 60 μg.mL−1). As can be clearly seen,
the response signal increased with increasing the concentra-
tion of the antibody until 10 μg.mL−1 after which a plateau
was reached. 10 μg.mL−1 was chosen as the optimum concen-
tration for the subsequent experiments.

Binding time optimization

It is also very important to study the binding time of the de-
tection method in order to achieve the highest sensor response
in the shortest time. Figure 2b and c show the sensor response
signals measured after incubating the MERS-CoVand HCoV
–modified electrodes with 10 μg.mL−1 of the respective anti-
bodies at different time points. The maximum response was
reached at 20 min for both HCoVand MERS-CoV indicating
the saturation of the surface with the maximum number of
antibody molecules.

Competitive detection of MERS CoV and human corona
virus (HCoV)

At the optimum conditions (10 μg.mL−1 of the fixed antibody
concentration and 20 min incubation time) we have per-
formed the experiments to study the detection range of the

MERS-CoV and HCoV antigens. In each sample, a certain
concentration of each antigen is mixed with 10 μg.mL−1 of its
specific antibody and incubated immediately on the corre-
sponding electrode on the array chip. After washing, the elec-
trodes were measured using SWV in ferro/ferricyanide redox
couple. As shown in Fig. 3a and b, the SWV peak decreases
after the incubation with the mixture due to the binding af-
finity of the antibody to the antigen immobilized on the sur-
face causing a blocking effect because of the bulky antibody
that retards the electron transfer and thus deceases the current
as explained above.

Figure 3c and d show the sensor responses after incubation
with different concentrations of proteins from 0.001 to
10,000 ng.mL−1. The calibration plots give good linear rela-
tionship between the sensor response and the concentrations
from 0.001 to 100 ng.mL−1 and 0.01 to 10,000 ng.mL−1 for
MERS-CoVand HCoV, respectively indicating a wide detec-
tion range. The linear regression equations of the lines were:
(Io-I)/Io % = 18.84+ −8.0 log C [ng.mL−1], R = 0.977 for
MERS-CoV and (Io-I)/Io % = 17.59+ −3.86 log C [ng.mL−1],
R = 0.970 for HCoV. Limits of detection (LOD) were calcu-
lated as the concentration that leads to 95% of the maximum
signal to be 1.04 pg.mL−1 and 0.4 pg.mL−1 for MERS-CoV
and HCoV, respectively.

This indicates high sensitivity of the multiplexed
immunosensor for MERS- CoVand HCoVwhich we attribute
it to the highly conductivity of the AuNPs- modified elec-
trodes which leads to an increase of the electrode surface area
and electron transfer efficiency, successful covalent immobi-
lization of antigens on the surface as well as the high sensitiv-
ity of the SWV technique. Compared with the reported ELISA
for MERS CoV [2], our detection limit is lower than the
ELISA (1 ng.mL) indicating the good sensitivity of our sen-
sor. The limit of quantification of the reported isothermal am-
plification platform for MERS strands (20 nt) was 10 × 10−12

M, 6 × 109 copies per device which was comparable with the
RT-PCR method. Our electrochemical sensor is also user-
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friendly and less costly than quantitative real-time RT-PCR
which makes it more suitable in areas where resources and
expertise could be limited.

The array immunosensor accuracy was also tested by
performing triplicate experiments for each antigen. The rela-
tive standard deviations of the results ranged from 3.0–6%
implying very good reproducibility of the immunosensor.

The high sensitivity and fast response along with the low
cost and capability of miniaturization of this method make it
excellent way for MERS- CoV detection.

Selectivity of the immunosensor

The selectivity of the MERS-CoV and HCoV immunosensor
was studied against other unrelated virus proteins such as FluA
and FluB proteins in order to confirm the selectivity of the
immunosensor response. The array immunosensor was there-
fore incubatedwith FluA and FluB proteins, and then the sensor
response was measured after washing with PBS buffer. As
shown in Fig. 4a and b the immunosensor responses for
MERS-CoV and HCoV proteins was remarkably lower than
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the non-specific proteins that is attributed to the selectivity of
the sensor towards their respective proteins. The high signals
for the non-specific proteins indicated that no competition was
taking place and therefore, maximum number of antibody mol-
ecules binds to the surface. However, in the case of the specific
proteins, a competition takes place leading to less amount of
antibody available for binding with the antigen immobilised on
the surface. We have also tested a control electrode on which
BSA protein was immobilised on the surface instead of the
specific antigens. No significant responses were obtained for
the control electrodes indicating that there is no non-specific
adsorption on the sensors. These results indicate appropriate
selectivity of the biosensor. Moreover, the simultaneous detec-
tion of the two proteins (MERS-CoV and HCoV) was also
confirmed by mixing the two proteins and incubation on the
entire sensor surface. In this case, signals were obtained for both
MERS-CoV and HCoV electrodes indicating the possible ap-
plicability of the sensor for simultaneous detection of multiple
types of CoV. The relative standard deviations of the measure-
ments on different sensors were around 5% indicating the good
repeatability of the sensors. The sensors were also stable for
around 2 weeks with only around 2% change in the current
indicating good stability of the assay.

Spiked nasal samples analysis

In order to test the feasibility of applying the developed com-
petitive immunosensor for the detection of the virus in biolog-
ical fluids, artificial nasal samples spiked with MERS-CoVand
HCoV antigens were analysed using our immunosensor. As
shown in Table 1, the spiked samples were tested in each case
showed high recovery percentages ranging from 89 to 97% for
the HCoVand 95 to 108% for MERS-CoV. These results indi-
cate the possible application of our sensor in real samples. The
relative standard deviations were also found to be in the range
from 3 to 6% indicating good precision of the assay.

Conclusion

A novel competitive electrochemical immunosensor for MERS-
CoVwhichwas carried out on aDEP array electrodes nanostruc-
tured with gold nanoparticles was developed. The detection

relied on the indirect competition between the free virus in the
sample and immobilized MERS-CoV protein for fixed concen-
tration of added antibody to the sample. The sensor response was
detected by monitoring the change in the peak current of the
SWV signal upon adding different concentrations of the
MERS-CoVantigen. This immunosensor showed low detection
limit, high degree of selectivity against other non-specific pro-
teins (FluA and FluB) and acceptable stability. The sensitivity of
MERS-CoV immunosensor is attributed to the utilization of
AuNP modified carbon array electrodes which lead to increased
electron transfer efficiency and electrode surface area.
Furthermore, the use of disposable DEP array electrode reduces
the cost of the assay and enabled the multiplexed detection of
MERS-CoVand HCoV simultaneously. Finally, the competitive
immunosensor was successfully used to detect MERS-CoVand
HCoV proteins in spiked nasal samples showing good recovery
percentages. Collection of patient samples and healthy samples
will be done in the future for further testing of the sensor and the
results will be compared with the standard methods used current-
ly in the hospitals such as RT PCR.
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