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Abstract
To cope with the easy transmissibility of the avian influenza A virus subtype H1N1, a biosensor was developed for rapid and 
highly sensitive electrochemical immunoassay. Based on the principle of specific binding between antibody and virus mol-
ecules, the active molecule-antibody-adapter structure was formed on the surface of an Au NP substrate electrode; it included 
a highly specific surface area and good electrochemical activity for selective amplification detection of the H1N1 virus. The 
electrochemical test results showed that the BSA/H1N1 Ab/Glu/Cys/Au NPs/CP electrode was used for the electrochemical 
detection of the H1N1 virus with a sensitivity of 92.1 µA (pg/mL)−1 cm2, LOD of 0.25 pg/ml, linear ranges of 0.25–5 pg/
mL, and linearity of (R2 = 0.9846). A convenient H1N1 antibody-based electrochemical electrode for the molecular detection 
of the H1N1 virus will be of great use in the field of epidemic prevention and raw poultry protection.
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Introduction

The avian form of the influenza A virus subtype H1N1 spreads 
widely and causes great harm. Its transmission is not limited 
to birds and poultry; its mutated strain can also infect humans, 
where the probability of death from the virus is high. The 
H1N1 virus is spread by body contact and droplets, causing 
respiratory illness in patients with symptoms similar to those 
of a common cold, such as coughing and fever [1]. Currently, 
there are many methods used to detect influenza viruses, such 
as polymerase chain reaction (PCR) [2], enzyme-linked immu-
nosorbent assay (ELISA) [3], viral plaque assay [4], reverse 
transcription loop-mediated isothermal amplification assay 
[5–7], and viral flow cytometry [8]. These traditional virus 
testing methods are accurate and reliable, but most of them 
involve complex sample processing, expensive equipment, 
consumable materials, and professional operating technicians. 
These drawbacks limit their application to portable, in-line 
analysis scenarios. For example, when Shahsavandi et al. [9] 
used the rHA 10 ELISA method for the detection of the H9 
subtype influenza virus, they needed to titrate the antibody 
onto 96 polystyrene plates and then measure the optical den-
sity value at 450 nm using an automatic plate spectrophotom-
eter; in addition, they needed to design multiple control experi-
ments. Furthermore, PCR technology is difficult to apply to the 
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field and real-time virus analysis because it requires expensive 
instruments and complex processing and testing methods [10]. 
It can be found that it is important to adopt a cheaper and more 
convenient testing technique, especially for use in developing 
countries, such as electrochemical methods [11–13].

Electrochemical immunoassay is widely used in the field of 
virus diagnosis, and it has advantages such as the following: 
simple technique and low manufacturing cost. In recent years, 
researchers have been focused on the development of electro-
chemical equipment with excellent performance and portabil-
ity that can be used for on-site detection [14]. Researchers have 
proposed work that combines virus detection with portable 
electrochemical devices. For example, Laura et al. [15] devel-
oped an intelligent immune sensor, which combined a screen-
printed electrode and a PalmSenS3 for the highly sensitive and 
reliable online detection of SARS-CoV-2. Many manufactur-
ers can provide desktop or industrial electrochemical worksta-
tions all over the world, and more and more researchers are 
focusing their work on new detection methods and preparing 
new materials with higher performance. Nanomaterials have 
good physical, chemical, and biological properties, includ-
ing small particle size, as well as a highly specific surface 
area, which provides more reaction sites for electrochemical 
reactions [16]. Therefore, many new nanomaterials have been 
developed and applied to biological immune sensors, such as 
graphene [17], polymer nanomaterials [18], dendrimers [19], 
conducting polymers [20], metal oxide nanomaterials [21], 
and nanomaterials [22]. Au NPs, as with other noble metal 
NPs, have many unique properties, such as simple prepara-
tion methods, large specific surface area, higher chemical and 
biological stability, and good biocompatibility [23]. In particu-
lar, Au NPs have good biocompatibility properties that make 
them widely used in clinical and medical research fields. Bin 
et al. [24] constructed a sandwich-structure quenched elec-
trochemiluminescence immune sensor based on SnO2/rGO/
Au NPs for the detection of insulin and achieved high sen-
sitivity, selectivity, and repeatability in the experiment. Pei 
et al. [25] prepared an electrochemical immunosensor for the 
quantitative detection of hepatitis B surface antigen using Au 
NPs loaded onto polypyrrole nanosheets as a platform and 
an Rh nucleus and Pt shell loaded onto amino-functionalized 
graphene nanosheets as markers. Nanomaterials are widely 
used in biological immunosensors because they can be used as 
enzyme carriers or signal markers of redox reaction reporters 
and electrode active substances [26–28].

Materials and methods

Materials and reagents

The HAuCl4·3H2O, KNO3, cysteamine hydrochloride (Cys), 
glutaric dialdehyde (Glu), bovine serum albumin (BSA), and 

sodium citrate were purchased from Shanghai Macklin Bio-
chemical Co., Ltd. Recombinant Hemagglutinin-Influenza 
A Virus H1N1 California 04/2009 was purchased from 
Prospec-Tany TechnoGene Co., Ltd (Ness-Ziona, Israel). 
H1N1 Hemagglutinin 1 was purchased from Beijing Bioss 
Co., Ltd. Ethyl alcohol was purchased from Sigma-Aldrich, 
USA. The Ag/AgCl Carbon Paper (CP) and Pt electrodes 
were purchased from Tianjin Lanlike Chemical Electronic 
High Technology Co., LTD. Phosphate-buffered saline 
(PBS) was purchased from Sigma-Aldrich, USA.

Electrochemical measurements were conducted at an 
ambient temperature using a CHI 660E electrochemical 
workstation (CH Instruments, Inc., USA). Deionized water 
(~18.0 MΩ) was obtained from a Millipore system.

All synthetic materials and electrodes were characterized 
using the following tools: scanning electron microscopy 
(SEM) was performed using a Nova Nano SEM 430 scan-
ning electron microscope.

Fabrication of Au NP/CP by thermal reduction

The CP (1 cm2) surface was rinsed using 10 mL deionized 
water and alcohol successively to remove impurities from 
the surface, edges, and internal channels. Then, the clean CP 
electrode was placed in a vacuum-drying oven at 80 ℃ for 
30 min. A total of 100 mL HAuCl4 (0.01 wt%) was heated 
to a boil while stirring rapidly on an electromagnetic heater. 
Three milliliters of 1% sodium citrate was then quickly 
added along the glass bar to the boiling HAuCl4 solution. 
We observed that the mixed solution gradually changed 
color from yellow to wine red upon stirring for 2 h. Then 
we transferred the sample solution to a clean sample bottle 
and sealed it. The reaction chemical formula was as follows:

This reaction involved two processes: (1) Au3+ is rapidly 
reduced to Au+ by sodium citrate on the premise of sufficient 
sodium citrate; (2) the Au+ sodium pyruvate complex was 
self-disproportionated into Au0 and Au3+, and pure Au NPs 
were obtained from the wine-red solution after the nuclea-
tion of gold atoms by high-speed centrifugation. We then 
added the high-concentration Au NP solution into a 1-mL 
sample tube and dropped high-purity water up to 0.5 mL. 
Finally, as shown in Step 1 of Fig. 1, a dispenser (SM200SX-
3A, MUSASHI, Japan) was used to load the Au NP disper-
sion solution to draw a 1×1 cm2 rectangular pattern in the 
central area of the CP electrode surface. During room-tem-
perature drying, Au NPs were adsorbed onto the surface of 
the porous electrodes and into the internal channels.

(1)Au
3+

+ Citrate
Heat

→ Au
+
+ SADC

(2)3Au
+
− SADC

Heat

→ 2Au
0
+ Au

3+
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Preparation of the H1N1 antibody and antigen

Because the H1N1 virus contains a variety of enzyme mol-
ecules, such as neuraminidase molecules and RNA polymer-
ase, the preparation of the H1N1 virus solution needed to 
be carried out in the refrigerator at 4 ℃. In order to restore 
the original sample storage solution environment, 1 μg of 
provirus sample was mixed with 150 mM NaCl and 0.005% 
Tween-20 10 mM phosphoric acid, at a ratio of 1:10,000 
and placed into 0.1 μg/mL of the virus solution; it was then 
stored in cold storage for future use. H1N1 Hemagglutinin 1 
needs to be frozen in a −20°C freezer when not in use, and 
when preparing the H1N1 antibody solution we need, we 
quickly transfer it to a 4°C refrigerator freezer for operation. 
To obtain an undetermined 1 μg/mL antibody solution, we 
took 1 μL of 1 mg/mL antibody solution and mixed it with 
0.01 M tris-buffered saline (pH 7.4) with 1% BSA, 0.03% 
Proclin300, and 50% glycerol at a ratio of 1:1000. Then, we 
quickly transferred the H1N1 antibody solution to the freez-
ing chamber for storage.

Fabrication of BSA/H1N1 Ab/Glu/Cys/Au NP/CP 
electrodes

To create the sandwich-structured BSA/H1N1 Ab/Glu/Cys/
Au NP/CP electrodes, we prepared the experimental envi-
ronment and reagents beforehand. To create a moist water 
atmosphere environment, we cut a 1-cm-thick absorbent 
sponge with an area of 2×2 cm2 and put it in a PBS kit 
filled with pH 7.0 for storage. It is well known that Cys is a 
core component of basic proteins in nature, and it has good 

electrochemical activity. Cys has a very active hydrogen-
sulfur bond (-SH) in its molecular structure, which can eas-
ily form an Au-S covalent bond with Au and adsorb onto the 
surface of the Au electrode. At the same time, the terminal 
amino (-NH2) group is free from the electrode, which can 
be used to rivet more active molecules. In our experiment, 
we took 1 mL of 10 mM Cys solution, prepared using PBS 
(pH 7.0), loaded it into the point hose, and shook it evenly. 
Then, the Au NP/CP (prepared in “Fabrication of Au NP/CP 
by thermal reduction”) was tiled in the center of the sponge 
paper, and the process parameters of dispensing were set 
(at 9.8 kW), as shown in Step 2 of Fig. 1. A rectangular 
pattern covered with Au NPs was drawn in the 1×1 cm2 
central area and then quickly transferred to a cell incubator 
at 4 ℃ for incubation for 12 h. Pentanediol has two or more 
specific groups, including -NH2, -HS, and -COOH, so it can 
be coupled to two or more molecules to statically bind them 
together. We used Glu here as an H1N1 antibody and Cys 
as a linking antibody for Au. The experimental steps were 
as follows: first, we removed the Cys/Au NP/CP electrodes 
incubated in the above steps, after which we placed them 
in PBS (pH 7.0) and gently rinsed them for 30 s. Then, a 
dispensing machine (at 9.8 kW) was used to load 1 mL of 
2.5% pentanediol solution prepared using PBS (pH 7.0). A 
1×1 cm2 rectangular pattern was drawn on the central region 
of the Cys/Au NP/CP electrode and incubated for 12 h, as 
shown in Step 3 of Fig. 1. Then, 10 μL of 1 μg/mL antibody 
solution (prepared in “Preparation of the H1N1 antibody and 
antigen”) was dropped onto the central region of the Glu/
Cys/Au NP/CP electrode and placed on a sponge soaked 
with PBS (pH 7.4) for incubation for 1 h, as shown in Step 4 

Fig. 1   Fabrication of the BSA/H1N1 Ab/Glu/Cys/Au NP/CP immunosensor
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of Fig. 1. Then, the electrode surface was washed using PBS 
(pH 7.4), and 1 mL 1% BSA solution was added to block the 
non-specific binding sites on the electrode surface and Glu 
Linker and incubated for 30 min. Finally, PBS (pH 7.4) was 
used to wash off the excess BSA on the electrode surface, 
and the obtained BSA/H1N1 Ab/Glu/Cys/Au NP/CP elec-
trodes were directly used for the next experiment or stored 
in a cold-storage room at a temperature of 4 ℃.

Results and discussion

Qualitative characterization

Au NPs performed XRD tests in the range of 20–90° to 
verify the composition of the prepared samples. By com-
paring the test results with XRD standard cards (Cubic, 
FM-3M (225), JCPDS No.04-0784), there are three obvious 

characteristic diffraction peaks of gold in (Fig. 2a, b), indi-
cating that Au NPs were successfully prepared.

Carbon fibers are uniformly distributed with a diameter 
of about 10 μm (Fig. 3a). Furthermore, it can be clearly 
observed that many hollow structures are exposed on the 
randomly arranged carbon fiber structure, forming uniform 
active sites with an average diameter of about 25 μm. The 
corresponding elemental mappings (Fig. 3b, c) demonstrate 
the uniform distribution of C and Au in the Au NP/CP.

Electrochemical measurements

All the electrochemical experiments in this experiment were 
carried out in a CHI660E series electrochemical worksta-
tion. A 2×2 cm2 Pt electrode, polished by alumina, was used 
as the counter electrode and the working electrode to form 
the current test loop. A very common commercial glass Ag/
Ag Cl electrode was used as the reference electrode. The 
BSA/H1N1 Ab/Glu/Cys/Au NP/CP electrode prepared in 
this study was connected to the positive electrode of the 
potentiostat via a well-connected electrode column. The 
parameters of differential pulse voltammetry (DPV) in this 
paper were set as follows: voltage window range (−0.3–+0.3 
V), amplitude (0.02 V), scan rate (50 mV/s), and sensitivity 
(10–4 A/V).

Testing principle of the immune sensor

The virus sample used in this experiment was the full-length 
glycosylated H1N1, model: California/04/2009, which pos-
sesses a recombinant hemagglutinin envelope protein pro-
duced using the baculovirus vector in insect cells, with a 
molecular weight (mW) of about 72 kDa. HA protein is the 
most important surface antigen of the virus, which is related 
to the virus adsorption through membranes and the infec-
tion of host cells. The amino spherical structure of the HA 
protein head can combine with aldehyde groups of different Fig. 2   XRD patterns of Au NPs

Fig. 3   a SEM image and b, c 
the image right are the distribu-
tion of C and Au element cor-
responding to a 
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receptors to form a stable collagen structure. To ensure the 
specific binding between the antigenic determinant cluster 
and the hypervariable region of the antibody molecule, as 
shown in Fig. 1, a layer of BSA solution was modified after 
the modification of the antibody to block the active sites 
on the electrode surface or Glu layer, to prevent them from 
occupying the reaction space of the antibody and antigen. 
The immune biosensor designed in this paper was based 
on the preemption of specific concentrations of antibodies 
fixed on the electrode surface or in the internal channels by 
antigens free from solution. In the experiment, every step 
of electrode operation, including the deposition of Au NPs 
onto the CP electrode, modification of Cys and Glu, immo-
bilization of the antibody, and detection of different concen-
trations of the virus, was achieved using a REDOX+ peak 
current of H2PO4- and HPO4-REDOX pairs in PBS. The 
antibody was bound to the active group on the Glu structure 
through the valence bond. Since the mW of the H1N1 anti-
body is about 72 kDa, when the antibody molecule covers 
the electrode surface, it blocks the REDOX current from 
reaching the electrode surface through the double electric 
layer of the electrode and solution, resulting in the reduction 
of the current signal. Based on this mechanism, we detected 
the current response caused by the combination of antigen 
and antibody by adding different concentrations of antigen 
into the solution to be tested and then analyzed the current-
response antigen concentration DPV curve.

Electrochemical characterization of step 
modification of immunosensor

The BSA/H1N1 Ab/Glu/Cys/Au NP/CP composite electrode 
was obtained by layer modification on the hydrophilic CP 
electrode. To analyze the influence of each step of modi-
fication on the electrochemical performance of the elec-
trode, their DPV curves were compared as shown in Fig. 4. 
Curve A is the DPV of the pure CP electrode in PBS, and 
it was found that no oxidation peak related to H2PO4

− and 
HPO4

− REDOX pairs in PBS appeared from −0.3 to +0.3 
V. This phenomenon is related to the poor electrochemi-
cal activity of pure CP electrodes. After the deposition of 
Au NPs synthesized with the thermal reduction method, a 
cathodic reduction peak appears at −0.01 V, as shown in 
curve B. The overall current response density of curve B is 
about 1.2 times that of curve A. The significantly increased 
current response of Au NP/CP electrodes is attributed to 
the highly specific surface area, good biocompatibility, and 
excellent electron transfer capability of Au NPs. The cur-
rent response of curve C is slightly lower than that of curve 
B, which may affect the electron transfer of the REDOX 
reaction with the amino group free from the Cys/Au NP/
CP electrode in the solution. Curve D is the DPV of the 
electrode modified with Glu. It can be seen from the figure 

that the current response of the Glu/Cys/Au NP/CP electrode 
is significantly reduced by about half compared with that 
of the Cys/Au NP/CP electrode. This is because Glu, as a 
small protein cross-linking agent, forms a rigid macromo-
lecular structure by connecting its aldehyde group with the 
free amino group of the Cys/Au NP/CP electrode to pre-
vent REDOX molecules from reaching the electrode sur-
face. When the antibody was linked to the Glu cross-linker, 
the current response density of the composite electrode 
decreased further, by about half, as shown using line E. This 
also demonstrated that the antibody successfully modified 
the electrode surface. The decrease in current response may 
be related to the fact that the bulk protein structure formed 
via antibody curing on the electrode surface is not conducive 
to electron conduction between the double electric layers.

To analyze the effect of H1N1 Ab modification to the 
electrode surface on the electrochemical performance of the 
immunosensor electrode, we in PBS (0.01 M) containing 
5 ng/ml H1N1 antigen studied the CV response of the elec-
trode after each electrode modification step, and the com-
parative plots of the obtained CV curves are shown in Fig. 5. 
the parameters of the CV test were set as follows: scan speed 
(50 mV/s), and voltage interval (− 0.4–1.1 V). From Fig. 5, 
we can see that the upper and lower asymmetric CV curves 
indicate that no reversible electrochemical reaction occurs 
in the present electrochemical system of the composite elec-
trode, and the absence of obvious oxidation and reduction 
peaks indicates that no redox reaction occurs in the system 
or the charge migration reaction rate on the electrode surface 
is much lower than the migration of reactant oxides from 
the native solution to the electrode surface and the migra-
tion of reductants generated by the reaction on the electrode 
surface to the native solution. rate. However, the current 

Fig. 4   Differential pulse voltammetry (DPV) curves recorded by the 
CP (a), Au NP/CP (b), Cys/Au NP/CP (c), Glu/Cys/Au NP/CP (d), 
and H1N1 Ab/Glu/Cys/Au NP/CP (e) in PBS (0.01 M)
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response of the CV curves of H1N1 Ab and BSA modified 
at the Glu/Cys/Au NP/CP electrode decreased significantly 
after the linear voltage was applied, which is also consistent 
with the conclusion that the decrease in current response 
may be related to the formation of large protein structures 
on the electrode surface by the solidification of antibodies 
or biomolecules, which does not facilitate the electron con-
duction between the bilayers. This is also consistent with 

the conclusion that the decrease in current response may 
be related to the fact that the large protein structure formed 
by the antibody or biomolecule solidified on the electrode 
surface is not conducive to the electron conduction between 
the bilayers.

Electrochemical properties of the modified 
electrode for the H1N1 antigen by an immunosensor

To compare the electrochemical responses of Au NP/CP, Cys/
Au NP/CP, Glu/Cys/Au NP/CP, and H1N1 Ab/Glu/Cys/Au 
NP/CP to the H1N1 antigen (Fig. 6), we respectively tested 
their electrochemical responses in pure PBS. DPV in 0.25 
and 5 pg/mL H1N1 antigen solution. To minimize systematic 
error during the experiment, all four electrodes were incu-
bated under the same environmental conditions(incubation 
scene: cell incubator; temperature: 4 ℃; incubation time: 12h) 
and stored in the cold room at 4 ℃. To further minimize error, 
five of each electrode were prepared in the same way. Each 
electrode in each batch was tested in parallel in a specific 
concentration of H1N1 antigen solution, and the most repre-
sentative DPV data were selected by comparing each dataset 
and eliminating those with large errors. As can be seen from 
Fig. 6a, b, both Au NP/CP and Cys/Au NP/CP have cathodic 
reduction peaks near −0.01 V. In addition, the two electrodes 
showed no significant electrochemical response to different 
concentrations of the H1N1 antigen. This conclusion is con-
sistent with the absence of active sites on Au NPs’ surfaces 

Fig. 5   Cycle voltammetry (CV) curves recorded by the Glu/Cys/Au 
NP/CP, H1N1 Ab/Glu/Cys/Au NP/CP and BSA/H1N1 Ab/Glu/Cys/
Au NP/CP in PBS (0.01 M) containing 5 ng/ml H1N1 antigen

Fig. 6   DPV curve recorded 
by Au NP/CP, Cys/Au NP/CP, 
Glu/Cys/Au NP/CP, and H1N1 
Ab/Glu/Cys/Au NP/CP DPV 
in PBS (0.01 M) containing 0, 
0.25, and 5 pg/mL of H1N1 
antigen, respectively

2026 Ionics (2023) 29:2021–2029



1 3

and the Cys molecular structure that can bind to the H1N1 
antigen. As shown in Fig. 6c, d, after Glu, the H1N1 anti-
body was modified on the surface of the inactive Cys/Au NP/
CP electrode, and the current response density of their DPV 
curves gradually decreased with the increased concentration 
of the H1N1 antigen in the solution. This experimental phe-
nomenon also shows that in the presence of the H1N1 anti-
gen in the solution environment, both Cys and the antibody 
can bind the antigen on the electrode surface to form a large 
protein molecular structure, resulting in the blocking effect 
of electron transport. In addition, we found that the H1N1 
Ab/Glu/Cys/Au NP/CP electrode had more obvious blocking 
of REDOX electrons than the Glu/Cys/Au NP/CP electrode, 
which was also consistent with the conclusion in the “Elec-
trochemical characterization of step modification of immu-
nosensor” section. These results indicated that the H1N1 Ab/
Glu/Cys/Au NP/CP electrode was specifically binding to the 
H1N1 antigen, in addition to the Glu structure that was not 
covered by the H1N1 antibody. This indicates that the syn-
thesized sandwich structure of H1N1 Ab/Glu/Cys/Au NPs/
CP electrode can further improve the detection performance 
of biosensors through signal amplification and specific rec-
ognition of signal reporter molecules and target molecules.

A histogram of peak current density and H1N1 antigen 
concentration of DPV data in each group in Fig. 7 was 
made (Fig. 6). As can be seen from Fig. 7a, the blocking 
effect of the Ab/Glu/Cys/Au NP/CP electrode on electron 
transmission is more obvious. Figure 7b shows the current-
response antigen concentration histogram of the Ab/Glu/
Cys/Au NP/CP and Glu/Cys/Au NP/CP electrodes in pure 
PBS and 0.25 pg/mL H1N1 antigen solution, respectively. 
What we found is that the current response density of the 
Glu/Cys/Au NP/CP electrode in 0.25 pg/mL H1N1 anti-
gen solution decreased by 6.44 × 10−6 (A cm−2), while 
the current density of the Ab/Glu/Cys/Au NP/CP electrode 
decreased by 10.12 × 10−6 (A cm−2), which was about 1.6 
times that of the Glu/Cys/Au NP/CP electrode. This indi-
cates that for the Ab/Glu/Cys/Au NP/CP electrode in the 
solution containing the H1N1 antigen, the presence of the 

antibody causes more antigen to bind to the electrode sur-
face, resulting in more electron blocking.

Electrochemical characteristics of BSA/Ab/Glu/Cys/
Au NP/CP electrodes for H1N1 antigen detection

Before the composite electrode was used for H1N1 antigen 
detection, we modified the electrode using BSA based on the 
experiment in “Electrochemical properties of the modified 
electrode for the H1N1 antigen by an immunosensor”. This 
was to block the active sites on the electrode surface that 
were unrelated to the antigen-antibody reaction to achieve 
specific detection. Figure 8a shows the DPV of the BSA/
Ab/Glu/Cys/Au NP/CP composite electrode in 0.25–5 pg/
mL H1N1 antigen solution. As can be seen from the fig-
ure, the current response of the same Ab/Glu/Cys/Au NP/
CP electrode for continuous detection of different concen-
trations of the H1N1 antigen maintained good linearity in 
the range of 0.25–1.5 pg/mL. With the continuous addition 
of the H1N1 antigen, the current response of the negative 
electrode gradually reached saturation, where the signal 
slowly faded. This may be related to the limited number 
of antibodies modified on the electrode surface. When the 
H1N1 antigen is continuously added to the reaction zone, 
and when all the antibodies on the electrode surface bind to 
the H1N1 antigen, the excess antigen can no longer be found 
on the electrode to bind to the active site and can only be 
free in the solution. Figure 8b is the linear fitting curve of 
Fig. 8a. The electrochemical performance parameters of the 
BSA/Ab/Glu/Cys/Au NP/CP composite electrode for H1N1 
antigen detection can be obtained as follows: A sensitivity of 
92.1 µA (pg/mL)−1 cm2, LOD of 0.25 pg/mL, linear ranges 
of 0.25–5 pg/mL, and linearity of R2 = 0.9846.

Table 1 shows the comparison results between the BSA/
Ab/Glu/Cys/Au NP/CP composite electrode and the reported 
minimum detection limits of the biosensors. The results 
showed that the BSA/Ab/Glu/Cys/Au NP/CP composite 
electrode had a low detection limit for the H1N1 virus

Fig. 7   Column diagram of CP 
(a), Au NP/CP (b), Cys/Au NP/
CP (c), Glu/Cys/Au NP/CP (d), 
and H1N1 Ab/Glu/Cys/Au NP/
CP (e) drawn according to the 
peak current response of the 
selected DPV line and the cor-
responding concentration
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Conclusions

In this study, we present a low-cost, high-performance elec-
trochemical immunosensor prepared by a dispensing process 
for the convenient detection of the H1N1 virus. The sand-
wich electrode was composed of hydrophilic CP, Au NPs, 
and antibodies for Glu and Cys. The electrode can be used 
for H1N1 virus detection only in PBS, which eliminates the 
tedious sample preparation process and has the potential to 
be used in a complex sample-testing environment. The bio-
sensor showed high sensitivity (92.1 µA (pg/mL)−1 cm2), 
low detection limit (0.25 pg/mL), and good linearity (R2 = 
0.9846), and the test time was about 30 s. The results showed 
that this method has potential application value in the early 
diagnosis of H1N1 virus infection.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11581-​023-​04944-w.
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