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Prevention and control of emergent infectious disease with high specific antigen
sensor

Hongzhe Zhanga,b, Shanshan Zhanga and Nan Liub

aSchool of Architecture, Harbin Institute of technology, Harbin, China; bCollege of Civil Engineering and Architecture, Harbin University of
Science and Technology, Harbin, China

ABSTRACT
This study aims to evaluate the application of a new type of high specificity antigen sensor in detecting
the viruses in sudden infectious diseases. Influenza A (H1N1) virus immunosensor was used for the
respective determination of the six kinds of antigens of H1N1, H3N2 viral protein, HA protein of H7N9,
influenza B virus, adenovirus, and EV71 virus of same dilution degree on the Screen Printed Carbon
Electrode (SPCE), so as to test the specificity of the detection method. In addition, various batches of
chick embryo allantoic saliva dilution simulation samples were also detected on their recovery (accuracy),
repeatability (precision), and stability. The results were as follows: the linear equation was
y¼ 121.33xþ 168; the slope of the linear equation was 121.33 nA/HA unit, representing the sensitivity;
correlation coefficient was R2¼0.9921> 0.90. Using Statistical Analysis System (SAS) software, we found
that: the W values of seven sets of data after Shapiro–Wilk detection were 0.853, 0.991, 0.901, 0.906,
0.825, 0.974, and 0.992, respectively; P values were 0.247, 0.831, 0.386, 0.405, 0.174, 0.691, and 0.821,
respectively, all of which were greater than 0.05, suggesting that normality was met. The results of
homogeneity test for variance were as follows: F¼ 2.44, P ¼ 0.0775> 0.05, suggesting that homogeneity
of variance was met. The parametric test results were as follows: F¼ 19114.0, P< 0.0001, suggesting
that there were obvious differences between testing data of the seven groups. The determination recov-
ery rate of electrochemical immunosensor was 80–110%. Relative Standard Deviation (RSD) values of
repeatability (precision) test of H1N1 influenza virus electrochemical immunosensor were 7.74%, 3.54%,
and 2.01%, all of which were smaller than 10%. The signal response of H1N1 electrochemical immune
biological sensor could still maintain more than 85% of the original signal within 30 days of storage. In
conclusion, H1N1 electrochemical immune biosensor has good specificity and the test results are not
affected by other viruses of the same type. Besides, it has good accuracy which can realize the accurate
determination of A (H1N1) influenza virus in actual detection. Thus, the requirement of precision meas-
urement of A (H1N1) flu virus detection can be met. Therefore, H1N1 electrochemical immune biosen-
sors can be used in actual detection with good stability.
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Introduction

In the twentieth century, despite the significant progress in
prevention, diagnosis and treatment, infectious disease
remains as an important global health problem (Ivan et al.
2014, Matthieu et al. 2014). The rapid diagnosis plays a crucial
role in timely and appropriate treatment of infectious dis-
eases. Currently, pathogen detection technologies mainly
include pathogen isolated culture method, immune method,
fluorescence microscopy method, etc. However, these meth-
ods are time-consuming, with low specificity and sensitivity as
well as high requirements on detection personnel, which can-
not meet the requirements of on-site rapid detection and
grassroot popularization and application (Emmanouil et al.
2009, Grzegorz 2015, Rizzi et al. 2009, Zhang et al. 2012). In
recent years, sensors due to the advantages of rapid, accurate,
efficient, and convenient have increasingly become one of the
hot spots of medical diagnosis and pathogen detection tech-
nology and can be applied to the detection of various kinds
of acute infectious diseases as well as the prevention of

international biological terrorist events (Bruns and Horvath
2014, Gao et al. 2013, Starodub et al. 2000). Influenza virus
has been a long-term threat to human health and influenza A
virus appears annually with continuous variations which may
sometimes even lead to large-scale flu outbreak, and one of
the key aspects of the prevention and control of influenza is
rapid screening and diagnosis of suspected cases of influenza
by detection of pathogens (Ahn et al. 2006, Chen and Chen
2014).

The electrochemical immunosensor not only has the char-
acteristics of sensitive and convenient sensor (Guo and Dong
2009), but also is free from interference of sample color and
turbidity, thus it can be directly applied to the determination
of pathogens and therefore is more suitable for on-site rapid
detection. Chowdhury et al. (2012) directly connected
Escherichia coli specific antibody to gold electrode surface
with crosslinking polyanilines and built the immune sensor to
detect Escherichia coli, with a lower limit of detection reaching
102 CFU/ml. Saleh et al. (2013) built up a kind of amperomet-
ric immunosensor which was able to quickly detect malaria,
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taking Rhop-3 type as the target antigen. Peh and Li (2013)
developed an aluminum membrane biosensor which could
realize rapid and high sensitivity detection on Dengue type 2
virus (at lowest 0.230 PFU/ml) and Dengue type 3 virus (at
0.710 PFU/ml) within 40 min. This study aims to establish the
standard curve describing the detection of A (H1N1) influenza
virus by electrochemical immune biosensor and evaluate the
performance indexes of sensitivity, specificity, repeatability,
precision, and stability of sensors.

Materials and methods

Experimental materials

The following equipment and materials were applied in this
study: multichannel electrochemical workstation, portable
potentiostat, electro-heating standing-temperature cultivator,
PHS-3CT precise pH meter, A (H1N1/BJ501) influenza virus
liquid, influenza B virus liquid, A (H3N2) virus protein, A
(H7N9) HA protein, adenovirus, EV71 virus, Goat anti-Mouse
IgG-HRP, bovine serum albumin, Tris–HCl, Twain-20, K-blue
substrate solution, 96 hole trace reaction plate, H1–24 murine
monoclonal antibody, A1–6-HRP murine monoclonal antibody,
ELISA detector, 8300 ll adjustable pipettes, towel, 37 �C incu-
bation box, TMB substrate liquid, pH 9.6 – 0.05 M carbonate
buffer solution, pH 7.4 PBST, 1% BSA confining liquid, 2 M
H2SO4 stop buffer, A (H1N1) influenza virus, cDNA, 501 for-
ward and reverse primers, 501 fluorescence quantitative probe
(Chomel 2008), TaKaRa Premix Extaq, Rnase Free Water, regu-
lar arrayed SPCE electrode, regular arrayed graphite holder, A
(H1N1)/2009 ELISA kit, H3N2 ELISA kit, H7N9 ELISA kit, H4N6
ELISA kit, H7N7 ELISA kit, H9N2 ELISA kit, H5N1 influenza,
ELISA kit, Influenza B, ELISA kit, A (H1N1) fluorescence quanti-
tative kit, adenovirus liquid, EV71 liquid, influenza type b
liquid, H3N2 liquid, H1N1 influenza liquid, etc.

Optimization of detection conditions of influenza A
(H1N1) virus immune sensor

Impact of concentration of capture antibody and detection
antibody
Impact of capture antibody concentration. The capture antibod-
ies were diluted to 25, 50, 100, 200, 500, 1000, and
2000 lg/ml and then binded to the SPCE electrode at 4 �C for
a night. Then, the electrode was washed with ultrapure water
and dried with N2. After that, 50 ll of 2% BSA and 1% CAS
solution was added into the electrode and blocked for 1.5 h
at 37 �C. Then, the electrode was again washed with ultrapure
water and dried with N2. Goat anti-mouse-HRP was taken as
detection antibody and incubated at 37 �C for 1 h and then
soaked for three times with PBST (3 min for each time). Then,
ultrapure water was used again for washing and N2 for drying.
Afterwards, 50 ll of K-blue substrate solution was added.
Finally, IT method was used for determination of current sig-
nal and the most suitable concentration of capture antibody.

Impact of detection antibody concentration. Based on the
above-optimized concentration, the capture antibody was
fixed on the SPCE electrode. A (H1N1)/BJ501 chick embryo
allantoic fluid with a titer of 16 HA unit was taken as the

antigen. Besides, A1–6-HRP was respectively diluted to 10, 40,
60, 80, 100, and 150 lg/ml and taken as the detection anti-
body. The experimental procedures were the same as the
above ones and IT method was used for determination of cur-
rent signal and the most suitable concentration of detection
antibody.

Impact of incubation time of antigen and detection
antibody

Impact of antigen incubation time
The electrode with the fixed capture antibody H1–24 was firstly
blocked with blocking liquid for 1.5 h and then washed with
ultrapure water and dried with N2 for standby application.
Then, the virus liquid was diluted to 32 HA unit, with corre-
sponding diluted EV71 virus liquid as the negative control.
Both of the liquids were added to the five groups of electrodes
with a content of 10 ll and incubated for 15, 30, 45, 60 and
90 min at 37 �C, respectively. Ninety minutes later, the liquids
were washed with PBST and dried with N2. Afterwards, 5 ll of
diluted detection antibody (1:100) A1–6-HRP was added drop
by drop to the electrode surface and incubated for 1 h at 37 �C
and then soaked for three times with PBS, 3 min for each time.
Finally, IT method was applied for determination after washing
with ultrapure water and drying with N2.

Impact of incubation time of detection antibody
The electrode with the fixed capture antibody H1–24 was
firstly blocked with blocking liquid for 1.5 h and then washed
with ultrapure water and dried with N2 for standby applica-
tion. Then, the virus liquid was diluted to 32 HA unit, with cor-
responding diluted EV71 virus liquid as the negative control.
Both of the liquids were added to the five groups of electro-
des with a content of 10 ll and incubated for 30 min at 37 �C,
then the liquids were washed with PBST and dried with N2.
Afterwards, 5 ll of diluted detection antibody (1:100) A1–6-
HRP was added drop by drop to each electrode surface of six
groups and incubated for 10, 20, 30, 45, 60, and 90 min at
37 �C and then soaked for three times with PBS, 3 min for
each time. Finally, IT method was applied for determination
after washing with ultrapure water and drying with N2.

Impact of incubation temperature

Impact of incubation temperature of capture antibody
Firstly, 5 ll of capture antibody H1–24 was added to three
groups of electrode surface and incubated for 2 h at 4 �C,
25 �C and 37 �C, respectively. Then, it was washed with ultra-
pure water and dried with N2 for standby application.
Afterwards, the electrodes were blocked with blocking liquid
for 1 h and washed with ultrapure water and dried with N2

for standby application. Taking Goat anti-Mouse IgG-HRP as
the detection antibody, 5 ll of diluted detection antibody
(1:100) was added drop by drop to each electrode surface of
three groups and incubated for 1 h at 37 �C and then soaked
for three times with PBS, 3 min for each time. Finally, IT
method was applied for determination after washing with
ultrapure water and drying with N2.
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Impact of incubation temperature of antibody
The electrode with the fixed capture antibody H1–24 was
firstly blocked with blocking liquid for 1 h and then washed
with ultrapure water and dried with N2 for standby applica-
tion. Then, the virus liquid was diluted to 32 HA unit and 10 ll
of liquid was added to the three groups of electrodes and
incubated for 30 min at 4 �C, 25 �C, and 37 �C, respectively.
Then, the liquids were washed with PBST and dried with N2.
Afterwards, 5 ll of diluted detection antibody (1:100) A1–6-
HRP was added drop by drop to each electrode surface of the
three groups and incubated for 45 min at 37 �C and then
soaked for three times with PBS, 3 min for each time. Finally,
IT method was applied for determination after washing with
ultrapure water and drying with N2.

Impact of incubation temperature of detection antibody
The electrode with the fixed capture antibody H1–24 was
firstly blocked with blocking liquid for 1 h and then washed
with ultrapure water and dried with N2 for standby applica-
tion. Then, the virus liquid was diluted to 32 HA unit and 10 ll
of liquid was added to the three groups of electrodes and
incubated for 30 min at 37 �C. Then, the liquids were washed
with PBST and dried with N2. Afterwards, 5 ll of diluted detec-
tion antibody (1:100) A1–6-HRP was added drop by drop to
each electrode surface of the three groups and incubated for
30 min at 4 �C, 25 �C, and 37 �C, respectively, and then soaked
for three times with PBS, 3 min for each time. Finally, IT
method was applied for determination after washing with
ultrapure water and drying with N2.

Establishment of standard curve of detection of
influenza A (H1N1) virus based on electrochemical
immune biosensor and its detection performance
evaluation

IT method was applied for the determination of 64 HA unit/ml
diluted A (H1N1) influenza virus of chick embryo allantoic
fluid standards with a titer of 0, 4, 8, 16, and 32 on SPCE elec-
trode based on influenza A (H1N1) virus immune sensor.
Then, a linear-regression analysis was carried out on data and
the standard curve of detection of influenza A (H1N1) virus
was established.

Specificity test of influenza A (H1N1) virus
electrochemical immunosensor

Influenza A (H1N1) virus immune sensor was used for the
detection of six antibodies of A (H1N1), influenza A (H3N2)
virus protein, A (H7N9) HA protein, influenza B virus, adeno-
virus, and EV71 virus with a same dilution degree on the
SPCE electrode, so as to detect the specificity of the estab-
lished detection method.

Recovery (accuracy) test of influenza A (H1N1) virus
electrochemical immunosensor

Influenza A (H1N1) virus immune sensor was used for the
detection of A (H1N1)/BJ501 chick embryo allantois saliva

dilution simulated samples with a titer of 5, 10, and 50 HA
unit on the SPCE electrode. Each group was repeated for four
times. Through the standard curve, corresponding virus titer
of current I was calculated as well as the recovery rate and
standard deviation, so as to determine the accuracy of the
detection method.

Repeatability (precision) test of influenza a (H1N1) virus
electrochemical immunosensor

Influenza A (H1N1) virus immune sensor was used for the
detection of A (H1N1)/BJ501 chick embryo allantois saliva dilu-
tion simulated samples with a titer of 0, 4, and 8 HA unit on
the SPCE electrode. Each group was repeated for four times.
Through calculating the current value, standard deviation
between groups was obtained, so as to determine the repeat-
ability (precision) of the detection method.

Stability test of influenza A (H1N1) virus electrochemical
immunosensor

The three groups of SPCE electrodes with their surfaces
adsorbed with capture antibody H1–24 SPCE were stored for
1, 10, and 30 days at 4 �C. Then, influenza A (H1N1) virus
immune sensor was used for the detection of influenza A
(H1N1) virus dilution simulated samples with a titer of 8, 12,
and 21 HA unit, so as to determine the stability of the detec-
tion method.

Results and discussion

Establishment of standard curve of detection of
influenza A (H1N1) virus based on electrochemical
immune biosensor and its sensitivity analysis

The standard curve is shown in Figure 1. The detected five
data points were basically in a straight line. The linear equa-
tion was y¼ 121.33xþ 168; the slope of the linear equation
was 121.33 nA/HA unit, representing the sensitivity; correlation
coefficient was R2 ¼0.9921> 0.90. The results showed that
the curve presented excellent linearity within 4–64 HA unit,
which is to say, the current signal produced by the influenza
A (H1N1) virus immune sensor was positively related with the
antigen titer with which it combined. Also, accurate titer of
the detected antibody can be obtained through calculation
with the measured current signal value according to the linear
equation of the standard curve. The lower detection limit of
the standard curve is based on three times of standard devi-
ation (16.84 nA) of the detected value (177.74 nA) at blank
point (0 HA unit) of virus titer. Through calculation, the value
is 0.43 HA unit, i.e., the lowest virus titer which can be
detected by the standard curve is 0.43 HA unit. Based on this
standard working curve, a quantitative analysis on the
detected samples can be realized.

Specificity test of influenza A (H1N1) virus
electrochemical immunosensor

According to Figure 2, influenza A (H1N1) virus generated
strong positive signal on the immune sensor, which was
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significantly different from the other five antigens and current
signal generated by the blank point. Whereas, the signal dif-
ference between the five antigens and the blank point was
not significant. Through applying Statistical Analysis System
(SAS), the following results were obtained: the W values of
seven sets of data after Shapiro–Wilk detection were 0.853,
0.991, 0.901, 0.906, 0.825, 0.974, and 0.992, respectively; P val-
ues were 0.247, 0.831, 0.386, 0.405, 0.174, 0.691, and 0.821,
respectively, all of which were greater than 0.05, suggesting
that normality was met. The results of homogeneity test for
variance were as follows: F¼ 2.44, P ¼ 0.0775> 0.05, suggest-
ing that homogeneity of variance was met. The parametric
test results were as follows: F¼ 19114.0, P < 0.0001, suggest-
ing that there were obvious differences between testing data
of the seven groups. The SNK (q test) pairwise comparison
results showed that there was significant difference on anti-
gen and blank values between H1N1 group and other five
groups while no difference was found on the detected value

between H3N2, Influenza B, EV71, adenoviruses, and blank
points. However, though H7N9 showed difference from the
blank points, its detected mean values were lower than blank
values and presented negative signals. Thus, it can be con-
cluded that influenza A (H1N1) virus electrochemical immune
biosensor has good specificity, with its detection results free
from interference of other viruses of the same type.

Recovery (accuracy) test of influenza A (H1N1) virus
electrochemical immunosensor

The immunosensor was used for determination of the simu-
lated sample of A (H1N1) influenza virus with different titers
of 5 HA unit, 10 HA unit, and 50 HA unit and each titer was
determined for four times, the results are shown in Table 1.
Relative Standard Deviation (RSD) values were all less than
10%, indicating the high precision of testing results. For the
four samples of each titer, current values were measured and
converted to titer based on the fitting equation of the

Figure 1. Standard working curve of detection of influenza A (H1N1) virus based on electrochemical immunosensor.

Figure 2. Signal response of different target antigens based on influenza A (H1N1) virus electrochemical immune biosensor detection.

Table 1. Determination of recovery rate based on electrochemical
immunosensor.

Titer after adding virus
(HA unit)

5 10 50
Measured virus titer (HA unit) 1 5.41 9.03 42.34

2 5.53 9.15 42.68
3 5.33 10.14 44.62
4 5.74 9.77 43.41

Mean value 5.49 9.54 43.35
RSD(%) 2.68 4.91 2.11

Recovery rate (%) 1.08 0.95 0.85

Table 2. Determination of repeatability based on electrochemical
immunosensor.

Titer after adding
virus (HA unit)

0 4 8
Detected current signal (nA) 1 176.03 934.21 1557.04

2 195.12 1014.85 1485.47
3 163.45 984.66 1537.63
4 179.88 965.78 1514.08

Mean value 177.99 975.41 1523.62
RSD(%) 7.74 3.54 2.01
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standard curve. Then, recovery rates were calculated to be
between 80% and 110% based on Equation (1), suggesting
that the established immunosensor has good accuracy in
detecting A (H1N1) influenza virus and thus can realize the
accurate determination in real detection of A (H1N1) influenza
virus.

Recoveryrateð%Þ
¼ ððDetected virus titer� titer before adding standard virusÞ
=titer after adding standard virusÞ � 10

Repeatability (precision) test of influenza A (H1N1) virus
electrochemical immunosensor

The immunosensor was used for determination of the simu-
lated sample of A (H1N1) influenza virus with different titers
of 0 HA unit, 4 HA unit, and 8 HA unit and each titer was
determined for four times, the results are shown in Table 2.
The RSD values were 7.74%, 3.54%, and 2.01%, respectively,
which were all below 10%, suggesting that the determination
results have good repeatability. This shows that the estab-
lished immunosensor has high precision in detecting A
(H1N1) influenza virus and thus can realize the precise deter-
mination in real detection of A (H1N1) influenza virus.

Stability test of influenza A (H1N1) virus electrochemical
immunosensor

As can be seen from Figure 3, there were no differences
between signal after 10 days of storage and after 1 day of
storage and the former one was lower than the latter one.
Then, the mean current values of the samples with different
titers of 8, 12, and 21 HA unit after 10 days of storage and
after 1 day of storage were measured and compared with
those measured in the first day and percentage was calcu-
lated. The results showed that the percentages of samples
with different titers after 10 days of storage were 94.03%,
96.85%, and 98.56%, respectively, and those of samples with
different titers after 30 days of storage were 88.47%, 90.23%,

and 92.04%, respectively. The data suggest that signal
response of H1N1 electrochemical immune biological sensor
can still maintain more than 85% of the original signal within
30 days of storage. Thus, the immune sensor has good stabil-
ity and can be used in actual detection.

Conclusion

In recent years, with the maturing of microelectronic process-
ing technology, miniaturization has been a trend for electro-
chemical biosensors, which has laid a foundation for the
application of biosensors in on-site quick testing of pathogens
of infectious diseases (Cao 2014, Hao et al. 2011, Kaewphinit
et al. 2012, Wang et al. 2015). When building immune sensors,
nanometer materials are usually adopted for modification of
electrodes in order to improve the detection sensitivity. Kheiri
et al. (2011) built an HIV detection sensor, of which, HIV-1 p24
antibody was fixed on the gold electrode surface with GNP/
CNT/AEP nanocompound modification, which can produce
response signal on target detection objects within 18 s, with a
limit of detection of 0.018 muA/ng/ml. Wang et al. (2012) built
a sensor which can realize the one-time rapid detection of
Mycobacterium tuberculosis with gold nanoparticles on SPCE
electrode. Under the signal amplification of gold nanopar-
ticles, the sensor can detect Mycobacterium tuberculosis with a
lowest limit 5.3 ng/ml. Ma et al. (2013) used gold nanopar-
ticles and graphene–methylene blue (GMCs–MB) nanometer
compound materials to reinforce signal and combine with the
capture antibody so as to construct a specific sensor to detect
hepatitis C (HCV), which can realize detection of HCV within
the range of 0.25–300 pg/ml, with a detection limit of
0.01 pg/ml.

The results of this study show that H1N1 electrochemical
immune biosensor has good specificity and the test results
are not affected by other viruses of the same type. Besides, it
has good accuracy which can realize the accurate determin-
ation of A (H1N1) influenza virus in actual detection. Thus, the
requirement of precision measurement of A (H1N1) flu virus
detection can be met. Therefore, H1N1 electrochemical
immune biosensors can be used in actual detection with
good stability.

Figure 3. Impact of storage time of immune sensor on determination.
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