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Abstract: Viral detection has been studied predominantly in the last few years with the morbid 

spread of COVID-19. Biosensors have been widely used for the detection of various biological mol-

ecules, show a high potential for miniaturization and a friendly approach towards detection. Nano-

materials play a significant role in the development of biosensing devices owing to their distinct 

morphological, optical, electrical, chemical, and physical properties, improving the sensing effi-

ciency. Therefore, the present work reports the fabrication of an electrochemical immunosensor 

adorned with gold nanoparticles coupled to a redox indicator labeled antibody conjugate for rapid 

detection of SARS-CoV2 antibodies. The fabricated immunosensor can detect SARS-CoV2 antibod-

ies within a linear detection range of 10–100 ngmL–1 and offer a sensitivity of 0.013 × 10–3 mA ng-

1mLmm-2. The adopted concept can be extended further for the detection of other viral antibodies 

with high sensitivity, and display high prospects for miniaturization, hence offering a huge com-

mercialization potential.  
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1. Introduction 

Severe acute respiratory syndrome 2 (SARS-CoV2) being a causative agent of coro-

navirus disease (COVID-19) poses a grave impact on individual health. It is a single-

stranded RNA virus belonging to the Sarbecovirus subgenus of the Betacoronavirus ge-

nus. The basic structural proteins of the virus are spike protein(S), an envelope protein(E), 

and nucleocapsid protein(N). [1] The receptor binding domain of the Spike protein attacks 

the Angiotensin-Converting enzyme 2(ACE-2) present in the lung, entering endocytosis 

causing fever, cold, cough in mild cases, to severe lung infection, myocardial infection, 

kidney, heart, or multiple organ failure in severe cases [2,3].  

Though, RT-PCR remains the gold standard for the confirmation of the disease; spe-

cific lab requirements, such as sub-zero temperature, long reaction time, need for a trained 

technician, etc. hurdles the scrutiny of the disease amongst the masses. Thus, for the initial 

screening of patients, point of care (PoC) devices such as lateral flow immunoassays based 

on reversed affinity between receptor-ligand interaction have been developed for rapid, 

on-site, self-monitoring by the people [4–6]. However, these devices are qualitative and 

have a high limit of detection due to which they are prone to show false-negative and 

positive results in cases with a lower concentration of antibodies in the sample and dis-

play cross reactivity.  
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Recently, biosensors with optical, colorimetric, piezoelectric, and electrochemical 

readouts have been reported for the detection of antibodies in the blood, serum, saliva, 

nasopharyngeal and oropharyngeal samples. Electrochemical biosensors have a well-es-

tablished reputation for high accuracy, sensitivity, and precise diagnosis [7–9]. Further-

more, on modification with nanomaterials, they tend to show an overall enhancement in 

the diagnosis [10–13]. Gold nanomaterials (nanoparticles, nano-flowers, magnetic nano-

beads, nanocomposites, etc.) have been widely reported to improve the efficiency of var-

ious sensing technologies. Apart from improving the interface properties they can also be 

easily functionalized and conjugated to biomolecules to serve as a reporter. [14–18] 

Thus, to monitor and meet the global exigency for rapid, reliable, and early-stage 

diagnosis of COVID-19 in the present study we have fabricated an electrochemical im-

munosensor decorated with gold nanoparticles and electroactive probe conjugate for 

quantitative estimation of SARS-CoV2 antibodies. The sensor offers a linear detection 

range of 10 to 100ngmL–1, low limit of detection (LOD=3.59ngmL–1), high linearity R2=0.96, 

and sensitivity of 0.013×10–3mAng–1mLmm–2. The immunosensor shows excellent stability 

for a month. The quantitative estimation for SARS-CoV2 antibody can be useful for sero-

surveillance studies in the future.  

2. Materials  

For the immunosensor fabrication and characterization; nafion (5%, SRL), SARS-

CoV2 spike protein(Sigma Aldrich), monoclonal antibody against SARS-CoV2 (Sigma Al-

drich), BSA(Bovine Serum Albumin, SRL); horseradish peroxidase tagged secondary an-

tibody(HRP-pAb) (Sigma Aldrich) Hydrogen peroxide(H2O2) (30%, Fisher Scientific), 

Chloroauric acid (HAuCl4, Sigma Aldrich), Trisodium citrate dihydrate (SRL), Potassium 

Ferrocyanide(Fisher Scientific), Potassium Ferricyanide (Fisher Scientific) were pur-

chased. 

3. Methodology 

Gold nanoparticles were first prepared using the Turkevich method [19–21]. The im-

munosensor was fabricated onto the conducting ITO-coated glass as a base electrode. The 

electrodes were washed by ultrasonication using acetone, ethanol, and water (10 min 

each). A polymeric solution of 1% nafion was spin-coated onto the conducting surface of 

the ITO to form a uniform layer (nf/ITO) eventually modified with a layer of synthesized 

gold nanoparticles (AuNPs) to obtain AuNPs/nf/ITO surface. Following this the capture 

probe was immobilized onto the surface of AuNPs/nf/ITO. The concentration and incu-

bation time of the capture probe (Spro) was optimized prior to immobilization. Non-spe-

cific binding sites of the capture probe were then blocked by incubating 

Spro/AuNPs/nf/ITO with BSA(1mg/ml) for 45min. The fabricated immunosensor probe 

BSA/Spro/AuNPs/nf/ITO was then used to detect specific antibodies (CoV2-Ab). against 

SARS-CoV2, in the sample. A signal probe i.e HRP tagged secondary antibody (HRP-

pAb), was incubated with CoV2-Ab/BSA/Spro/AuNPs/nf/ITO to form the immunosensor 

(HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO). After each modification, the electrodes 

were washed with PBS (Phosphate Buffer Saline), to remove the unbound molecules, fi-

nally the electrodes were stored at 4 ˚C till further use. The electrodes were electrochemi-

cally characterized for each layer. The response study of BSA/Spro/AuNPs/nf/ITO was 

noted for different concentrations of CoV2-Ab. H2O2 was used as a substrate to activate 

HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO immunosensor. Therefore, before the re-

sponse study, the concentration and volume of H2O2 (5%, 200 µ l) were optimized. The 

electrochemical response of HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO was recorded 

for different concentrations of CoV2-Ab and the calibration curve was formed. To study 

the stability of the immunosensor; thirty immunosensor (HRP-pAb/CoV2-

Ab/BSA/Spro/AuNPs/nf/ITO) were prepared and stored at 4˚C and their electrochemical 

response was recorded at regular intervals for 30 days. 
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4. Characterization 

UV-Visible spectroscopy was performed using Hitachi U3300 Spectrophotometer for 

the optical characterization of gold nanoparticles. A stand-alone Potentiostat/Galvano 

stat; Auto lab workstation MAC90135 procured from Metrohm, guided by NOVA 2.1 soft-

ware was used to perform Differential Pulse Voltammetry for electrochemical characteri-

zation, response study of the fabricated HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO im-

munosensor. To perform the electrochemistry a three-electrode electrochemical cell was 

utilized; wherein the fabricated immunosensor probe was used as the working electrode, 

Platinum electrode (Pt) as the counter, and Ag/AgCl as the reference electrodes. The test-

ing was done in PBS solution with 5mM Ferro/Ferricyanide solution [Fe (CN)6]3-/4- and the 

changes in the current response were noted for the analysis. 

5. Result and Discussion 

5.1. Gold Nanoparticles Characterization 

5.1.1. UV-Visible Spectroscopy 

Figure 1a shows the characterization of gold nanoparticles using UV-Visible spec-

troscopy. The UV-Visible spectra of the synthesized gold nanoparticles display a peak at 

520nm which is specific for spherical gold nanoparticles owing to the localized surface 

plasmon resonance (LSPR) occurring in the conduction band when the light of specific 

wavelength strikes at the surface of these particles. 

5.1.2. Electrochemical Characterization of Gold Nanoparticles 

For the confirmation of the activity of the gold nanoparticles, nf/ITO was spin-coated 

with a uniform layer of gold nanoparticles (AuNPs), and an electrochemical response was 

recorded. The anodic peak current of nf/ITO (0.165mA), increases to 0.212mA for 

AuNPs/nf/ITO surface, indicating the presence of highly conductive gold nanoparticles 

on the electrode. (Figure 1b) 

 

Figure 1. a) UV-Visible spectroscopy of gold nanoparticles. b) Electrochemical characterization of 

nf/ITO and AuNPs/nf/ITO. 

5.2. Electrochemical Characterization of the Fabricated Immunosensor 

For each deposited layer, the electrode was electrochemically characterized using dif-

ferential pulse voltammetry carried out at a voltage range of –0.3Vto 0.6V with a step po-

tential of 0.005 V and a scan rate of 0.1V/s in 5mM Ferro/Ferricyanide solution [Fe (CN)6]3–/4– 

prepared in PBS. Due to the conductive nature of bare ITO, it gives a peak current of 

0.18mA. On the deposition of the biopolymeric layer on the electrode, the current de-

creases to 0.16mA. To improve the overall conductivity and the charge transfer; a layer of 

synthesized gold nanoparticles (AuNPs) was spin-coated onto the electrode to form 

AuNPs/nf/ITO which gives an electrochemical response of 0.21mA. AuNPs/nf/ITO was 

then considered as a base for the immobilization of optimized concentration (600ngmL–1) 

of the capture probe, (Spro), for 60min to form Spro/AuNPs/nf/ITO. Following the 
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immobilization of Spro, the electrode was incubated with BSA (Bovine Serum Albumin,) 

for 45 min to block the non-specific binding sites and form BSA/Spro/AuNPs/nf/ITO 

which decreases the electrochemical response to 0.154 mA. The probe 

BSA/Spro/AuNPs/nf/ITO was used to detect the analyte, CoV2-Ab. To enhance the detec-

tion range and sensitivity of the electrode, HRP-pAb was used as a signal probe in the 

immunosensor HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO which can be observed 

with an increase in its electrochemical response. (Figure 2). 

 

Figure 2. Electrochemical characterization of the fabricated, HRP-pAb/CoV2-

Ab/BSA/Spro/AuNPs/nf/ITO immunosensor. 

5.3. Analytical Performance of the Immunosensor 

5.3.1. Optimization of H2O2  

H2O2 was used as a substrate for the activation of HRP in HRP-pAb/CoV2-

Ab/BSA/Spro/AuNPs/nf/ITO. To optimize the concentration and volume of H2O2, the im-

munosensor was electrochemically analyzed by spiking varied concentrations (5%–20%) 

and volume(100 µ l–300 µ l) of H2O2, to get a maximum response at 200µl of 5% H2O2 con-

centration as seen in Figure 3(a,b).  

 

Figure 3. a) Concentration b) volume optimization of the substrate H2O2 used to activate HRP in 

HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO. 

5.3.2. Response Study 

The sensor applicability was tested for the detection of different concentrations of 

CoV2-Ab. The electrochemical response for BSA/Spro/AuNPs/nf/ITO was recorded, and 
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a decrease in current was recorded on increasing concentration of CoV2-Ab within a linear 

range of 25–80 ngmL–1 above it no further change was observed in the electrochemical 

response as seen in Figure 4(a,b). Further, to enhance the range of detection and sensitiv-

ity, CoV2-Ab/BSA/Spro/AuNPs/nf/ITO was incubated with the electro-active probe-anti-

body conjugate (HRP-pAb). Initially, a blank reading was recorded for the probe 

BSA/Spro/AuNPs/nf/ITO with HRP-pAb, giving an electrochemical response of 0.17 mA. 

Following this, a varied concentration of CoV2-Ab was tested on HRP-pAb/CoV2-

Ab/BSA/Spro/AuNPs/nf/ITO which displays an increase in anodic peak current within a 

linear range of 10-100ngmL-1, above it no significant changes observed on a further in-

crease of CoV2-Ab concentrations. A calibration curve was prepared for anodic peak re-

sponse as a function of concentration. The anodic peak current for the blank is higher for 

immunosensor HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO, as for blank analysis poly-

clonal antibody HRP-pAb interacts directly with the capture probe Spro. HRP-pAb binds 

with a larger number to Spro, generating a high electrochemical response. However, dur-

ing the analysis, the presence of analyte (CoV2-Ab), which is a biomolecule, creates a hin-

drance in the transfer of charge. Hence, decrease in conductivity of the immunosensor in 

comparison to blank was observed. The immunosensor displays a detection range of 10–

100 ngmL–1, with linearity R2 of 0.96, high sensitivity of 0.013 × 10–3 mAng–1mLmm-2, and 

low limit of detection (LOD) of 3.59 ngmL–1 and quantification (LOQ) 11.84 ngmL–1. (Fig-

ure 5(a,b)).  

 

Figure 4. Response study a) Differential Pulse Voltammetry b) Calibration curve for the fabricated, 

BSA/Spro/AuNPs/nf/ITO against CoV2-Ab. 

 

Figure 5. Response study a) Differential Pulse Voltammetry b) Calibration curve for the fabricated, 

HRP-pAb/CoV2-Ab/BSA/Spro/AuNPs/nf/ITO immunosensor against CoV2-Ab. 

5.4. Stability Study 

The electrochemical response of fabricated immunosensor electrodes was recorded 

for 30 days at a regular interval of 4 days. The results indicated the electrodes are highly 
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stable for 30 days as only a 2–4% deviation of results was observed till the 20th day, which 

consecutively increased up to 10% till the 30th day owing to the denaturation of the protein 

structure. (Figure 6) 

 

Figure 6. Stability study for the fabricated immunosensor, HRP-pAb/CoV2-

Ab/BSA/Spro/AuNPs/nf/ITO. 

6. Conclusion: 

A nanostructure-decorated electrochemical immunosensor for the rapid quantifica-

tion of the SARS-CoV2 antibody has been fabricated. The strategy employed for the de-

tection of the viral antibody is the specific interaction of SARS-CoV2 spike receptor bind-

ing protein to its antibody. For the fabrication of the immunosensor, the surface properties 

of the electrode have been enhanced using gold nanoparticles. Further, in the presence of 

the conjugated secondary antibody; the detection of the antibody concentration ranges from 

10–100 ngmL–1 with high linearity (R2=0.96) and sensitivity of 0.013 × 10–3 mAng–1mLmm–2 

with a limit of detection (LOD=3.59 ngmL–1 and Quantification (LOQ=11.84 ngmL–1) and 

stability (30 days). The fabricated immunosensor has a high potential for miniaturization 

and can be configured with a mobile phone-based interface for on-the-spot, rapid, and 

quantitative detection. 
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