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Abstract
As the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) poses a grave threat to human life and health, it is 
essential to develop an efficient and sensitive detection method to identify infected individuals. This study described an 
electrode platform immunosensor to detect SARS-CoV-2-specific spike receptor-binding domain (RBD) protein based on 
a bare gold electrode modified with Ag-rGO nanocomposites and the biotin-streptavidin interaction system. The Ag-rGO 
nanocomposites was obtained by chemical synthesis and characterized by electrochemistry and scanning electron micro-
scope (SEM). Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were used to record the elec-
trochemical signals in the electrode modification. The differential pulse voltammetry (DPV) results showed that the limit of 
detection (LOD) of the immunosensor was 7.2 fg  mL−1 and the linear dynamic detection range was 0.015 ~ 158.5 pg  mL−1. 
Furthermore, this sensitive immunosensor accurately detected RBD in artificial saliva with favorable stability, specificity, 
and reproducibility, indicating that it has the potential to be used as a practical method for the detection of SARS-CoV-2.

Keywords Electrochemical immunosensor · Ag-rGO nanocomposites · Biotin-streptavidin system · SARS-CoV-2 · 
Receptor-binding domain

Introduction

Since the end of 2019, coronavirus disease 2019 (COVID-
19), an infectious disease caused by SARS-CoV-2, rapidly 
swept the world, seriously affecting the normal running 
of work and life and endangering human health. Although 
many COVID-19 vaccines have been approved for mar-
keting [1], this is not enough to fully safeguard the health 

of the population. It is essential to take measures, such as 
enhancing case detection and contacting tracing to stop the 
further spread of the virus [2]. Rapid detection technology 
is another important technology in addition to interception 
measures such as vaccines. Accurate, simple, cheap, and 
rapid detection methods can help people find cases early. 
Therefore, providing accurate and efficient testing methods 
is necessary for pandemic prevention and control.

There are some measures to detect the SARS-CoV-2: the 
use of quantitative reverse transcription polymerase chain 
reaction (RT-PCR) for nucleic acid detection [3], and the 
use of immune response between antigens and antibodies 
for serological detection. RT-PCR is undoubtedly the gold 
standard technique utilized. However, the detection proce-
dure is complex and it has high requirements for professional 
researchers and experimental equipment [4]. What is more 
serious is that the RT-PCR has a high false-negative rate 
[5]; for example, virus nucleic acids were undetectable in a 
significant number of cases with clinical features of COVID-
19 [6], which complicated the prevention and control of the 
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pandemic. Common immunological tests are lateral flow 
immune assays (LFIA) and electrochemical immunosen-
sors. In the two methods mentioned above, LFIA operation 
is relatively simple [7]. However, due to its shortcoming 
in quantitative detection, it is more suitable as an auxiliary 
diagnostic tool compared to other tests. In contrast, the 
electrochemical immunosensor based on antigen–antibody 
response can accurately detect the low concentration of anti-
gen in a short time, which has not only a wide detection 
range but also a low detection limit [8].

In these 3 years, electrochemical immunosensors have 
been increasingly used in the detection of SARS-CoV-2. 
Shimaa Eissa [9] demonstrated a type of electrochemical 
immunosensor of swabs without transferring or pretreat-
ment of samples. This method effectively improved safety 
and convenience and the sensitivity of this method can 
reach 10 pg  mL−1. Elif Burcu Aydın [10] prepared a sensi-
tive sandwich immunosensor for detection of RBD, which 
can be reused, and the minimum detection limit can reach 
0.577 fg  mL−1. In the construction of the electrochemical 
immunosensor, the selection of the target is one of the favora-
ble factors to increase the sensitivity and specificity of the 
immunosensor. SARS-CoV-2 is a highly diverse envelope-
positive single-stranded RNA virus belonging to the coro-
navirus family [11, 12]. It has four main structural antigens: 
nucleocapsid (N), spike (S), matrix (M), and envelope (E) 
[13]. Among them, the S protein is divided into two func-
tionally distinct parts S1 and S2 [14], and the RBD in the S1 
can specifically bind to the host cell receptor: angiotensin-
converting enzyme 2 (ACE2) [15, 16]. Therefore, screening 
of RBD as a target for SARS-CoV-2 detection is a priority.

In addition, the electrode material is also an important 
part for the construction of immunosensor, since it has great 
biocompatibility [17] and can achieve signal amplification 
[18]. Graphene is a nanomaterial in which  sp2 hybridized 
carbon atoms are tightly stacked into a single-layer, two-
dimensional honeycomb-like lattice structure, with unique 
lamellar structure [19]. Functionalizing graphene such as 
reduced graphene oxide (rGO) is widely used in the material 
field because of its large specific surface area and good elec-
trical conductivity as well as thermal stability [20]. In this 
study, rGO was introduced as the electrode nanomaterial. 
However, rGO tends to form flaky agglomerates in water, 
thus hindering electron transport. Therefore, silver nanopar-
ticles were introduced into the rGO for amplifying signals, 
enhancing biocompatibility [21], reducing the accumulation 
of graphene sheets, and facilitating electron transfer [22, 23]. 
Furthermore, compared with the precious nanometals such 
as Au [24], Pd [25], and Pt [26], the introduction of silver 
nanoparticles can effectively reduce the difficulty and cost 
of preparation. At the same time, nafion was used as a dis-
persant to overcome aggregation. Eventually, we developed 

Ag-rGO nanocomposites as the electrode material to achieve 
the signal amplification.

What’s more, studies have shown that the accession of 
biotin-streptavidin system is an efficient way to immobi-
lize more biotin-modified capture probes [27] and improve 
LOD and selectivity [28]. The advantage of this system is 
that one molecule of SA can provide four biotin-binding 
sites [27, 29]. Therefore, in this study, the biotin was conju-
gated to the anti-RBD monoclonal antibody at first. Then, 
the biotin-streptavidin system was utilized as the bridge to 
link the Ag-rGO nanocomposites and RBD antibody in this 
immunosensor.

Given the evolution of today’s global pandemic, there 
is an urgent need for faster and more sensitive methods to 
detect this rapidly spreading deadly disease to achieve fast 
control and diagnosis of confirmed cases of the virus and 
close contracts. In this study, an efficient and accurate bio-
sensor was made by Ag-rGO nanocomposites and biotin-
streptavidin system for RBD detection.

Materials and methods

Chemicals

SARS-CoV-2 RBD antibody, SARS-CoV-2 RBD (His 
Tag), and pseudotyped virus were prepared in the molecu-
lar immunology laboratory, Zhengzhou University. Biotin 
labeling kit was acquired from Elabscience Biotechnology 
Co., Ltd. (Wuhan, China). SA and artificial saliva were 
obtained from Beijing Solarbio Science & Technology Co., 
Ltd (Beijing, China). GO was provided by XFNANO Mate-
rials Tech. Co., Ltd (Nanjing, China). Nafion (Nf) and BSA 
were purchased from Sigma Chemicals (St Louis, USA). 
 AgNO3 was brought from Sinopharm Chemical Reagent 
Co., Ltd (Shanghai, China).  NaBH4 was acquired from 
Shanghai Macklin Biochemical Co., Ltd (Shanghai, China). 
Phosphate buffer solution (PBS, pH 7.4) was prepared from 
0.1 M  Na2HPO4, 0.1 M  KH2PO4, and 0.1 M KCl, which was 
used as an electrolyte in the electrochemistry measurements.

Apparatus

All electrochemistry measurements were performed with the 
CHI 660E electrochemical workstation (Shanghai Chenhua 
Instrument Co., Ltd., Shanghai, China). The electrochemi-
cal workstation consists of the working electrode (gold 
electrode), the counter electrode (platinum electrode), and 
the reference electrode (saturated calomel electrode, SCE) 
(Gaoss Union Co., Ltd, Wuhan, China). Thermo Nanodrop 
2000c spectrophotometer (Thermo Fisher Scientific Co., 
Ltd., USA), scanning electron microscope (Zeiss Gemini 
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300), and X-ray diffractometer (X’Pert PRO, Netherland) 
were used to characterize the nanomaterials. Ultrapure water 
in all experiments was obtained by Barnstead Nanopure 
ultrapure water meter. SB25-12DTD ultrasonic cleaning 
machine (Scientz Co., Ltd., Ningbo, China) was used for 
material dispersion and related cleaning.

Preparation of Ag‑rGO nanocomposites

The preparation process of Ag-rGO is shown in Fig. 1A with 
reference to previous studies [20]. Fifty milligrams of GO 
was dispersed with 30 mL of ethylene glycol and stirred at 
high speed for 1 h. After that, 200 mg of  AgNO3 was added 
in 15 mL of ethylene glycol with 5 mL of ultrapure water. 
Then, the  AgNO3 dispersion was slowly added to the GO 
dispersion, and stirred at 50℃ for 2 h. After a full reaction, 
20 mL of  NaBH4 (0.1 mol  mL−1) was added drop by drop 
and the mixture was stirred at 110℃ for 2 h. After that, the 

solution was centrifuged at 6124 × g for 10 min, and the 
collected precipitation was washed with ultrapure water and 
dried in an oven at 80℃. Finally, the material was ground 
into powder and stored at 4℃. Before experiment, 3 mL of 
the mixture consisting of ultrapure water and 0.4%Nafion 
(Nf) in a ratio of 3:1 was added to 0.9 mg Ag-rGO pow-
der. The uniform Ag-rGO-Nf solution (0.3 mg  mL−1) was 
obtained under sonicated treatment for 2 h.

Preparation of biotin‑anti‑RBD antibody

Anti-RBD antibody was labeled with biotin following the 
kit instructions and the diagram is shown in Fig. 1B. The 
antibody was mixed with  NH2-Reactive Biotin at a ratio 
of 1:20 molecular weight, incubated for 30 min protected 
from light, and then collected by centrifugation to obtain 
the biotinylated monoclonal antibody.

Fig. 1  Schematic illustrations of the preparation of Ag-rGO (A). The preparation of biotin-anti-RBD antibody (B). The preparation of electro-
chemical immunosensor (C)
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Preparation of electrochemical immunosensor

Before preparing the sensors, the gold electrode was polished 
with a powder of 0.3 μm and 0.05 μm. After that, the elec-
trode was washed with anhydrous ethanol and ultrapure water 
respectively, and then dried with nitrogen. Figure 1C shows 
the construction process of the electrochemical immunosensor. 
First, the 10 μL of Ag-rGO-Nf nanocomposites was dropped 
on the surface of the gold electrode. After drying at room tem-
perature, the 20 μL SA and biotin-anti-RBD antibody were 
dropped respectively to immobilize the antibody. During this 
process, the biotin-anti-RBD was linked to the modified elec-
trode through streptavidin–biotin interactions [30]. Eventually, 
the remaining active sites were blocked with 10 mL 0.1%(w/t) 
BSA. During the immunosensor construction, all incubations 
were performed at 37℃ and each incubation was followed by 
a rinse with ultrapure water.

Electrochemical measurement

The construction process of the immunosensor was charac-
terized by CV and EIS. The CV measurements were made in 
the range of − 0.3 ~ 0.5 V at the scanning rate of 50 mV  s−1 
in 0.1 M PBS (0.1 M, pH 7.4) to characterize immunosensor 
development. The EIS measurements were performed in the 
PBS solution containing 5 mM [Fe(CN)6]3-/4- with an initial 
potential of 0.226 V, an amplitude of 0.005 V, and a frequency 
range of 0.1 ~  105 Hz. Moreover, the response performance of 
the immunosensor was measured in PBS solution (0.1 M, pH 
7.4) by DPV with a voltage range of − 0.05 ~ 0.15 V, an ampli-
tude of 0.05 V, a pulse width of 0.05 s, a sampling width of 
0.0167, and a pulse period of 0.5 s. Different concentrations of 
RBD were added to the modified electrode for measurement, 
and the antigen–antibody immune complex formed after the 
antigen bind to antibody hindered electron transfer, thereby 
reducing the electrochemical signal. This allows us to track 
changes in the current signal for sensor performance analysis.

Preparation of simulated samples

Simulated samples were prepared by mixing commercialized 
artificial saliva and the SARS-CoV-2 spike protein pseudo-
typed virus. The simulated sample was diluted by artificial 
saliva to the concentration of 0.315 ~ 315  TCID50/mL.

Result and discussion

Characterization of Ag‑rGO nanocomposites

In the preparation process of Ag-rGO nanocomposites, 
the oxygen functional groups of GO promoted the initial 
attachment of free  Ag+ in solution through electrostatic 

interactions. Afterwards,  Ag+ was reduced to silver nano-
particles in the presence of ethylene glycol and  NaBH4 and 
attached to GO. In this process, GO provides the attachment 
area for the silver nanoparticles and the formation of AgNPs 
also avoids the lamellar stacking of GO. The Ag-rGO nano-
composite formed when GO was reduced to rGO by the 
strong reducing agent. Following the successful preparation 
of the material, its structure and morphology were character-
ized by XRD and SEM respectively.

The UV–Visible spectra of GO are shown in Fig. 2A, 
where GO showed absorption peaks at around 230 nm and 
300 nm, which was probably due to the π → π* transition of 
the C–C bond and the n → π* transition of the C = O bond. 
After the reduction of GO by  NaBH4, the peak was red-
shifted to around 260 nm, which indicated that the elec-
tronic conjugation within the graphene sheet was restored 
[31] and GO was reduced to rGO. Furthermore, the charac-
teristic peak of AgNPs appeared at 410 nm [23], suggesting 
that the AgNPs were successfully formed on the rGO. The 
X-ray diffraction (XRD) patterns of GO and Ag-rGO are 
exhibited in Fig. 2B. The GO showed a characteristic dif-
fraction peak at 10.95 [32], which is caused by the oxygen 
functional groups in GO. The Ag-rGO demonstrated four 
diffraction peaks at 2θ = 38.09°, 44.20°, 64.39°, and 77.42°, 
which could be corresponded to Ag (111), Ag (200), Ag 
(220), and Ag (311) on the central cubic (fcc) crystal [33]. 
In contrast to the spectra of GO, the disappearance of GO 
diffraction peaks in the synthetic composites indicates the 
presence of rGO exfoliation [20].

Eventually, the morphology of the nanocomposites was 
characterized using SEM. GO showed an obvious folded 
lamellar state in Fig. 2C, and these corrugated sheets were 
due to the disruption of the planar  sp2 carbon sheets by the 
introduction of  sp3-hybridized carbon during oxidation [34]. 
The morphology of Ag-rGO is shown in Fig. 2D; the rGO 
had a large and compact surface, showing curved and folded 
sheets, and was uniformly covered with AgNPs, indicating 
that AgNPs were successfully reduced to the surface of rGO. 
The above results demonstrated that the preparation of Ag-
rGO was successful.

Electrochemical behavior of the immunosensor

CV was used to confirm each modification of the electrode. 
As shown in Fig. 3A, the bare gold electrode (curve a) had 
no redox peak at a given voltage due to the lack of electroac-
tive substances. After Ag-rGO-Nf modification (curve b), it 
showed obvious redox current response, which was due to 
AgNPs possessing great ability to gain or lose electrons [35], 
indicating that it can act as a redox probe for electron trans-
fer with the electrode surface. When SA (curve c) was added 
to the electrode surface, it can be fixed on the modified 
electrode by Ag–N bond [36], while the decrease in current 
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indicated that SA as an insulating biomolecule impeded 
electron transfer. After immobilization of biotin-anti-RBD 
antibody (curve d), the redox peak was decreased owing to 
the bioactive material possessing the ability of impeding 
electron transfer [30]. With the addition of BSA (curve e), 
the non-specific binding site was blocked and the electron 

transfer rate was reduced, leading to a further decrease in 
current signal intensity. After the addition of RBD (curve f), 
the current intensity reached a minimum due to the forma-
tion of immune complexes.

EIS was also used for electrochemical characterization 
of each step of the electrode modification. The Nyquist 

Fig. 2  The UV–vis spectra (A) and XRD pattern (B) of GO and Ag-rGO; SEM images of GO (C) and Ag-rGO (D)

Fig. 3  CVs (A) and EIS (B) of the same electrode at different stages. 
(a) bare gold electrode, (b) Ag-rGO-Nf/gold electrode, (c) SA/Ag-
rGO-Nf/gold electrode, (d) biotin-anti-RBD antibody/SA/Ag-rGO-

Nf/gold electrode, (e) BSA/biotin-anti-RBD antibody/SA/Ag-rGO-
Nf/gold electrode, and (f) RBD/BSA/biotin-anti-RBD antibody/SA/
Ag-rGO-Nf/gold electrode
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representation contains a linear portion at low frequencies 
and a semicircle portion at high frequencies. The semicir-
cle portion is related to the electrochemical process subject 
to electron transfer. And the diameter of the semicircle rep-
resents the electrode transfer resistance  (Rct), the larger the 
diameter, the larger the  Rct. As shown in Fig. 3B, the gold 
electrode (curve a) had a small  Rct, and the  Rct decreased 
after the incubation of Ag-rGO-Nf nanocomposites (curve b), 
which meant that the nanomaterial had better electrochemical 
activity and could enhance the electron transfer rate. With 
the addition of bioactive substances such as SA (curve c), 
biotin-anti-RBD antibody (curve d), and BSA (curve e), the 
 Rct of the Nyquist plot gradually increased, indicating that the 
successful immobilization of proteins hindered the electron 
transfer efficiency [37]. Eventually,  Rct reached the maxi-
mum after incubation with RBD (curve f), indicating that 
the immunocomplex formed by biotin-anti-RBD antibody 
and RBD further impeded electron transport. The results of 
EIS were consistent with CV, suggesting that the fabrication 
of electrochemical immunosensor was successful.

In addition, the immunosensor was further electrochemi-
cally characterized by CV at different scan rates. As shown in 

Fig. 4A, the peak anode peak current (Ipa) and the peak cath-
ode current (Ipc) of the immunosensor gradually increased 
with the scan rates ranging from 25 to 250 mV  s−1. The linear 
regression equations for Ipa and Ipc were obtained in Fig. 4B 
as Ipa = 25.69v1/2 + 8.843 with a correlation coefficient of 
0.9995 and Ipc =  − 25.23v1/2 + 15.66 with a correlation coef-
ficient of 0.9983, and the square root of the scan rate (v1/2) 
was linear in the range of 25 ~ 250 mV  s−1. The results dem-
onstrated that the redox reaction process of the immunosen-
sor was controlled by diffusion [38].

Optimization of experimental conditions

In order to obtain the best experimental results, some experi-
mental conditions were optimized by CV. Firstly, four con-
centrations (1, 5, 15, and 25 μg  mL−1) and four incubation 
times (40, 60, 80, and 100 min) of SA were set, respectively. 
As shown in Fig. 5A, the changes in current (ΔI) gradually 
increased with increasing incubation concentration and time, 
reached a highest value when 15 μg  mL−1 of SA was incu-
bated for 80 min, and then remained stable with the increas-
ing of time or concentration. Therefore, to save material and 

Fig. 4  (A) CVs of the electrochemical immunosensor at the different scan rates: 25, 50, 75, 100, 125, 150, 175, 200, 225, 250 mV  s−1. (B) The 
relationship between the square root of the sweep rate and the redox peak current

Fig. 5  Optimization of the incubation concentration and time of SA (A). The incubation time of biotin-anti-RBD antibody (B). The incubation 
time of RBD (C) (error bar = SD, n = 3)
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time, the optimal incubation concentration and time were 
determined to be 15 μg  mL−1 and 80 min.

In addition, the biotin-anti-RBD antibody incubation 
time also affected the performance of the immunosensor. 
As shown in Fig. 5B, the reaction time was investigated 
ranging from 20 to 100 min. Due to the poor electrical 
conductivity of the biological active substances, ΔI gradu-
ally increased and reached a maximum at 40 min, then 
remained stable. Therefore, the optimal incubation time 
was determined to be 40 min.

Finally, the effect of the RBD reaction time on the per-
formance of the electrochemical sensor was investigated, 
with reaction time ranging from 20 to 100 min. Figure 5C 
shows that ΔI gradually increased with increasing incuba-
tion time and reached a maximum at 60 min, followed by 
a slight decrease. The results indicated that the immu-
nocomplexes formed on the immunosensor surface were 
saturated. Hence, 60 min was determined as the optimal 
incubation time for subsequent experiments.

Analytical performance of the immunosensor

The DPV current values of the immunosensor were meas-
ured after incubation with different concentrations of 
RBD in 0.1 M PBS under optimal conditions. As shown 
in Fig. 6A, the DPV curve gradually decreased as the RBD 
concentration increased from 0.015 to 158.5 pg  mL−1. In 
addition, the logarithmic calibration plot in Fig. 6B showed 
that the current response was linearly related to the logarith-
mic value of the RBD concentration with the linear equa-
tion of Y = 12.67X + 76.24 (Y represents ΔI and X represents 

the logarithmic value of RBD protein concentration) and 
a correlation coefficient of 0.9821. The DPV detection 
results denoted that the linear range of the immunosensor 
was 0.015 ~ 158.5 pg  mL−1, and the LOD was calculated as 
7.2 fg  mL−1 (LOD = 3SB/m, SB stands for standard devia-
tion without RBD, m stands for slope of calibration curve, 
n = 10 [39, 40]).

As shown in Table 1, the LOD of this electrochemical 
immunosensor (7.2 fg  mL−1) has a significant advantage 
over the studies by Basca Wadramani (0.7 nM), Birjana 
Moisoska (260 nM), and Yang Yi (0.2 ng  mL−1). In addi-
tion, compared with the studies of Basca Vadramani 
(14 ~ 1400  nM) and Arzum Eldem (0.5 ~ 10  ng   mL−1), 
the proposed method has a wider linear detection range 
(0.015 ~ 158.5 pg  mL−1). The results may be attributed to 
several factors: (i) The excellent electrical conductivity and 
high biocompatibility of the Ag-rGO nanocomposite. rGO 
provides a large specific surface area for the attachment of 
AgNPs, and the formation of AgNPs enables the material 
to transfer electrons efficiently. (ii) The introduction of the 
biotin-streptavidin system enables the streptavidin to act as 
a sensitive trap and efficiently capture the biotin-labeled 
monoclonal antibody. (iii) The high affinity and specificity 
of the antibody for the RBD allow it to sensitively capture 
the antigen and bind to it to form an immune complex.

Stability, reproducibility, and specificity 
of the immunosensor

To characterize the stability of the BSA/biotin-anti-RBD 
antibody/Ag-rGO immunosensor, one immunosensor was 

Fig. 6  (A) The DPV current 
values of the immunosensor 
at different concentrations 
(0.015, 0.1, 0.63, 3.98, 25.1, 
158.5 pg  mL−1) of RBD. (B) 
Calibration plot of ΔI versus the 
logarithm of RBD concentra-
tions (error bar = SD, n = 3)

Table 1  Comparison of different analytical methods for SARS-CoV-2 detection

Materials Detection technology Linear range Limit of detection Refs

Cobalt-functionalized TiO2 
nanotubes

Amperometric immunoassay 14 to 1400 nM  ~ 0.7 nM [41]

Graphene Square wave voltammetry - 260 nM [42]
- Fluorescence 2.0–14.6 ng  mL−1 0.2 ng  mL−1 [43]
- Amperometric immunoassay 0.5–10 ng  mL−1 0.19 ng  mL−1 [44]
Ag-rGO nanocomposites Differential pulse voltammetry 0.015 ~ 158.5 pg  mL−1 7.2 fg  mL−1 This work



496 Journal of Solid State Electrochemistry (2023) 27:489–499

1 3

continuously scanned 20 cycles using CV. The result is 
shown in Fig. 7A, where the current response value of the 
immunosensor was reduced by 6.4% compared to the initial 
value. In addition, the same batch of treated immunosen-
sors was placed at 4℃ and tested every 4 days. As shown 
in Fig. 7B, the current response values of the sensor were 
90.71% and 86.07% on day 8 and day 16, respectively, sug-
gesting the good stability of the electrochemical immu-
nosensor in this study.

The reproducibility of an immunosensor is also an impor-
tant indicator to evaluate the applicability of the immunosen-
sor. The current variation of the immunosensor was tested 
using five identical sensors. Figure 7C shows that the rela-
tive standard deviation (RSD) of the five immunosensors 
was 6.1%. The result indicated that the immunosensor was 
reliable.

Specificity is another important feature to demonstrate 
the suitability of the sensor. To test the cross-reactivity of 
the sensor, the current responses of HPV, VZV, and SARS-
CoV structural proteins incubated on the immunosensor 

were recorded. The specificity of the sensor was measured 
by dropping 200 pg  mL−1 interfering agents, 100 pg  mL−1 
RBD protein, and a mixture of RBD and interfering agents 
on the same treated immunosensors. As shown in Fig. 7D, 
the current of the immunosensor was essentially unchanged 
with the addition of interfering substances only. The change 
in current with the addition of a mixture of interferent and 
RBD was essentially the same as with the addition of RBD 
only, indicating that the immunosensor had good selectivity 
for RBD and no cross-reactivity caused by HPV, VZV, and 
SARS-CoV proteins.

Antigen protein and simulated virus spiked sample 
analysis

The immunosensor was applied to the measure SARS-CoV-2 
RBD protein samples in artificial saliva, and the RBD con-
tent was determined by DPV. Artificial saliva samples con-
taining 1 pg  mL−1, 10 pg  mL−1, and 100 pg  mL−1 RBD pro-
teins were measured respectively. As shown in Table 2, the 

Fig. 7  (A) The stability of 
the immunosensor after 20 
scanning cycles. (B) The 
stability of the immunosen-
sor at various storage periods. 
(C) The reproducibility of the 
immunosensor after incubation 
of 100 pg  mL−1 of RBD using 
five identical sensors. (D) The 
selectivity of the immunosen-
sor for 200 pg  mL−1 HPV 
protein, 200 pg  mL−1 VZV 
protein, 200 pg  mL−1 SARS-
CoV protein, 100 pg  mL−1 
RBD protein, and 100 pg  mL−1 
mixture of above proteins with 
100 pg  mL−1 RBD (n = 3)

Table 2  The results of 
measurement of RBD protein 
samples in artificial saliva 
(n = 3)

The added amount of 
RBD (pg  mL−1)

RBD found (mean ± standard 
deviation; pg  mL−1)

Recovery (mean ± standard 
deviation; %)

Relative standard 
deviation (%)

1 0.960 ± 0.087 96.00 9.08
10 9.871 ± 0.510 98.71 5.16
100 94.690 ± 8.131 94.69 8.59
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recovery rates were 94.69 ~ 98.71%, and the relative standard 
deviations were 5.16 ~ 9.08%, which indicated that the accu-
racy of the proposed method was acceptable.

To verify the effectiveness of the BSA/biotin-anti-RBD 
antibody/SA/Ag-rGO-Nf/gold electrode immunosensor, the 
simulated virus diluted by commercial artificial saliva was 
incubated on the modified electrode and detected by DPV. 
The voltammetry in Fig. 8 showed that the current signal 
decreased after incubation of the simulated virus, and ΔI 
increased with the increase of the simulated virus concen-
tration. The result indicated that the immunosensor could 
successfully detect the RBD on the simulated virus diluted 
with artificial saliva. Suggested that the immunosensor has 
the potential to detect viruses in real saliva samples.

Conclusion

In this study, an efficient and ultrasensitive biosensor was 
prepared successfully based on BSA/biotin-anti-RBD anti-
body/SA/Ag-rGO-Nf/gold electrode platform to detect 
SARS-CoV-2 RBD. The large specific surface area of rGO 
increased the loading of AgNPs, and the good electrical con-
ductivity of AgNPs promoted electron transfer and signal 
amplification. The utilization of the biotin-streptavidin sys-
tem increased the amount capture of RBD, which made this 
immunosensor sensitive and selective. The results suggested 
that this biosensor had a linear dynamic range of 0.015 to 
158.5 pg  mL−1 and the LOD was 7.2 fg  mL−1. As the results 
from CV and DPV, this immunosensor can detect the RBD 
in artificial saliva with recovery rates ranging from 94.69 to 
98.71% with great reproducibility and stability, which may 
provide ideas for the quality control of recombinant subunit 
vaccine by detecting the content of spike protein. Further-
more, the biosensor was capable of successfully detecting 
the RBD on the simulated viral environment diluted with 
artificial saliva, suggesting its potential as a practical detec-
tion method in the future.
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