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Work objectives
ü to investigate the feasibility of constructing an

immunosensor for COVID-19 serological
diagnosis based on electrochemical detection of
the formation of an immunological complex.

ü to enhance the measuring circumstances and
procedure for successful immobilisation of
SCoV2-rS on the working electrode surface for
use in future research on various electrochemical
techniques.

Introduction
We present an electrochemical technique for the
recognition of antibodies against the proteins of the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in serum samples from patients
recovered from coronavirus disease 2019 (COVID-
19). The recombinant SARS-CoV-2 spike protein
(SCoV2-rS) was immobilised on the surface of the
gold (Au) electrode pre-modified with mixed self-
assembled monolayer consisting of 11-
mercaptoundecanoic acid and 6-mercapto-1-hexanol
(SAMmix) [1]. Two electrochemical approaches were
used to determine the affinity interaction of SCoV2-
rS with specific antibodies against this protein (anti-
rS): cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) [2].

Results

Conclusions
• According to the cyclic voltammograms, after the SAMmix formation, the peak current density observed with the addition of redox probe
[Fe(CN)6]3-/4- was reduced.
• Every step of Au electrode modification is visible in the EIS spectra, which are represented in Nyquist coordinates.
• The lowest LOD values for anti-rS antibodies were 2.53 nM and 1.99 nM determined by CV and EIS techniques, respectively.

It enables the use of impedimetric techniques to detect the formation of antigen-antibody complexes and, as a result, the creation of an
immunosensor for the serologic diagnosis of COVID-19 and/or the evaluation of the effectiveness of SARS-CoV-2 vaccines.
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Figure 1. A - Cyclic voltammograms of the bare Au electrode (1), Au electrode after formation of SAMmix (2), after activation of SAMmix (3), after
immobilisation of SCoV2-rS (4). Potential scans range from -0.2 to +0.6 V vs Ag/AgCl(KClsat) at 50 mV/s. B - Nyquist plots of the bare Au electrode (1), after
SAMmix formation (2), after activation of SAMmix (3), and after immobilisation of SCoV2-rS (4), measured from 100 kHz to 0.1 Hz, at 10 mV amplitude and
applied potential 0.2 V vs Ag/AgCl(KClsat). CV and EIS measurements were performed in PBS pH 7.4, while adding 2 mM of [Fe(CN)6]3−/4−, signal normalised
to the area of the electrode, A = 0.179 cm2.

Figure 2. A - Cyclic voltammograms and B - Nyquist plots of the modified Au/SAMmix/SCoV2-rS electrode (1) after affinity interaction with anti-rS of
different concentrations (0–150 nM) (respectively, from 2 to 6). Potential scans range from -0.2 to +0.6 V vs Ag/AgCl(KClsat) at 50 mV/s. EIS measurements
were performed from 100 kHz to 0.1 Hz, at 10 mV amplitude and applied potential 0.2 V vs Ag/AgCl(KClsat). CV and EIS measurements were performed in
PBS pH 7.4, while adding 2 mM of [Fe(CN)6]3−/4−, signal normalised to the area of the electrode, A = 0.179 cm2.

Experimental
All experiments were performed in the three-electrode
electrochemical cell, namely, Au-based electrode as
the working electrode, platinum (Pt) wire as the
counter electrode, and Ag/AgCl in saturated KCl
(Ag/AgCl(KClsat)) microelectrode as the reference
electrode. Characterisation of bare Au electrode, after
SAMmix formation, SAMmix activation, and
SCoV2-rS immobilisation has been carried out by CV
and EIS methods (Fig. 1A-B). The impact of each
step of the modification of the working electrode
surface has been analysed using a [Fe(CN)6]3−/4−
couple as a redox probe. The affinity interaction of
anti-rS with immobilised SCoV2-rS was performed
by sequentially incubating the working surface with
30 nM of anti-rS phosphate buffered saline (PBS)
solution (the concentration range 30 nM - 150 nM)
(Fig. 2A-B). To evaluate the analytical characteristics
of the electrochemical immunosensor, limits of
detection (LOD) for sensing anti-rS were calculated
from CV and EIS measurements (Fig. 3A-B).

Figure 3. Calibration curves obtained from A – CV (jpa) and B - EIS (maximum of Z’’). Error bars are calculated as a percentage standard error. Signal 
normalised to electrode area, A = 0.179 cm2. LOD = 3𝜎/𝑠𝑙𝑜𝑝𝑒, where σ is the standard deviation of the y-intercept of the standard plot ((Normalised%) vs target 
concentration) was used for LOD calculation [3].
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