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In order to detect Hepatitis C virus NS3 antigen (HCAg-NS3) in human serum, we developed a 
magnetic microparticle (MMP) based immunoassay by using biotin-streptavidin amplification, MMP 
in combination with immunoassay. Results showed that the HCV NS3 monoclonal antibody had a 
high immobility rate (87.1%) on the surface of MMPs; the assay procedure required smaller volumes 
of reagents (only 20 �l of immune magnetic bead); the detection could be completed within 30 min; 
this method could detect 10 pg/ml HCAg-NS3 (sensitivity: 5.2 pg/ml) and had favorable stability; the 
mean coefficient of variances (CVs) of intra-assay and inter-assay were 5.35 and 7.15%, respectively. 
The results of this method were also related to those in HCV RNA detection with a linear correlation 
coefficient of 0.570 (P < 0.01). These findings demonstrate this assay which has high specificity, 
sensitivity, precision and stability may be promising in clinical application. 
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INTRODUCTION  
 
Hepatitis C is a health-threatening blood-borne 
infectious disease caused by hepatitis C virus (HCV) 
infection (Choo et al., 1989). About more than 50% of 
HCV patients will develop chronic hepatitis and 
cirrhosis is observed in about 10-20% of HCV patients 
who also have high risk for liver cancer (Tobler et al., 
2005). In the immunoprophylaxis and clinical treatment 
of hepatitis C, no reliable vaccine has been prepared 
and the outcome is not favorable. Currently, diagnosis 
of hepatitis C is mainly based on nucleic acid testing 
and antigen testing. It may take up to about 70 days for 
antibodies to appear in the blood following infection, 
which is known as the ‘window period’ (Di, 2000). 
Therefore, there remains misdiagnosis to a certain 
extent. Although nucleic acid testing for the detection of 
HCV RNA can be performed at the early stage, and has 
advantages in sensitivity and specificity,  this  method 
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has a high requirement in technique and a low detection 
rate, and it is time-consuming (Fabrizi et al., 2005; 
Laperche et al., 2005). 

The presence of HCV NS3 antigen (HCAg NS3) is a 
marker of viral replication and can be observed at 1 
week following infection (Muerhoff et al., 2002). 
However, the concentration of HCAg NS3 in the serum 
(102-103 CID/ml) (Huang and Ren, 2000; Moradpour et 
al., 1996; Hilfenhaus et al., 1992) is usually lower than 
the detection limit of commonly used ELISA (0.1 ng/ml-1 
�g/ml) (Jia et al., 2009), which significantly limits the 
detection of HCAg NS3. 

Currently, magnetic microparticles have been hot 
focus of current research, technique development and 
industrial development of biology, medicine and 
pharmacology (Tudorache and Bala, 2007). Recently, 
an American company (Abbott) developed a 
chemiluminescent, magnetic particle-based 
immunoassay for the detection of hepatitis C virus core 
antigen in human serum or plasma (Leary et al., 2006). 
However, the complex procedures and high cost limit its 
application in China. To date, no study has reported the 



 
 
 
 
detection of HCAg by microparticles. 

In our previous study, we prepared 5 types of HCV 
NS3 monoclonal antibodies targeting different epitopes 
on HCAg and performed the detection of HCAg NS3 
with these antibodies by ELISA (Xie et al., 2005). In this 
study, based on a previously described technique (Xie 
et al., 2009), biotin-streptavidin amplification (ABS) was 
used to specifically couple the HCAg NS3 monoclonal 
antibody to the microparticles aiming to prepare 
immune magnetic bead (MIB) which can replace the 
conventional microplate. Then, double antibody 
sandwich ELISA was employed to detect HCAg NS3. 
Our study may provide basis for the early diagnosis of 
HCV infection by magnetic immunoassay.  
 
 
MATERIALS AND METHODS 
 
Reagents and instruments 
 
Purified HCAg NS3 (Institute of Virology of Chinese Academy of 
Preventive Medicine), horseradish peroxidase (HRP), biotin 
conjugated HCAg NS3 monclonal antibody (our department), 
bovine serum albumin (BSA) (Roche), TMB (Sigma), TMB 
substrate buffer (our department), HCV RNA reagents (Roche), 
streptavidin biotin magnetic bead (Dynal Biotech) and double 
distilled water were used in this study. Other reagents were 
purchased from Chinese company (analytically pure).  

Microplate reader (Model 680) (BIO-RAD), UV-VIS 
Spectrophotometer (UV-2550) (SHIMADZU), magnetic 
separators (123.31D DynaMag and 123.20D) and Thermostatic 
oscillation incubator (ZHWY-2102C) (Shanghai Zhicheng) were 
used for detection. 

MIB washing buffer (pH 7.4) included 0.01 mol/L PBS and 
0.05% Tween20, and MIB conservation buffer (pH 7.4) included 
0.01 mol/L PBS, 0.5% BSA and 0.1% protein stabilizer. 
 
 
Sample collection 
 
Serum and EDTA anticoagulated plasma were collected from 42 
HCV inpatients and outpatients from January 2009 to January 
2010 in the Beijing You'an Hospital. Informed consent was 
obtained before study. In addition, serum and plasma were also 
collected from 50 healthy subjects. All samples were stored at 
-80°C. Informed consent was obtained from each subject before 
sampling and the study was approved by the Ethnics Committee 
of Beijing You’an Hospital, Capital Medical University. 
 
 
RNA extraction and polymerase chain reaction (PCR) 
 
HCV RNA was extracted from 200 �l EDTA anticoagulated 
plasma by using a RNA extraction kit (Roche, USA) according to 
manufactures' instructions. cDNA was prepared by Reverse 
transcription PCR using M-MLV reverse transcriptase 
(Fermentas, USA). The amplified cDNA was further subjected to 
two rounds of PCR amplifications using nested primers. The 
conditions for the first round PCR were as follows; An initial 
denaturation step at 95°C for 2 min followed by 30 cycles of 94°C 
for 45 s, 54°C for 45 s, and 72°C for 1 min performed in a thermal 
cycler (Eppendorf, Germany). The conditions for the 2nd round 
PCR were the same except that a different set of inner primers 
was used and the annealing temperature was raised to 62°C in 
order to amplify the 1st round product. 
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Preparation of MIB 
 
Streptavidin biotin magnetic beads (1 mg) were washed with MIB 
washing buffer once and then mixed with 100 �l of biotin 
conjugated HCAg NS3 monoclonal antibody followed by 
incubation at room temperature for 30 min. Magnetic separation 
was performed and supernatant was obtained followed by 
determination of the protein concentration. Magnetic beads were 
washed with MIB washing buffer three times and stored in 1 ml of 
MIB conservation buffer at 4°C for use.  
 
 
Magnetic immunoassay of HCAg NS3 
 
The purified HCAg NS3 served as positive control and serum 
from healthy subjects as negative control. Then, 20 �l of HCAg 
NS3, 20 �l of MIB, 50 �l of HRP conjugated HCAg NS3 
monoclonal antibody and 50 �l of reaction buffer were added to a 
centrifuge tube follow by vortex and subsequent incubation at 
37°C for 30 min. After magnetic separation, washing with 0.02 
mol/L PBST was performed three times and then TMB substrate 
was added followed by incubation at 37°C for 10 min. Reaction 
was terminated by adding 2 mol/L H2SO4. Magnetic separation 
was performed and absorbance (OD) of supernatant was 
determined at 450 nm.  
 
 
Definition of the positive value 
 
According to the ratio of ODpositive sample to ODnegative control (P/N), 
P/N�2.1 was defined as positive (Herrmann et al., 1979). 
 
 
Statistical analysis 
 
Statistical analysis was performed with SPSS version 13.0 
statistic software package. Correlation coefficient test was used 
to test the significance. A value of P < 0.05 was considered 
statistically significant. All experiments were repeated three 
times and the values were averaged. 
 
 
RESULTS 
 
Adherence of antibody to magnetic beads 
 
UV-VIS Spectrophotometer was used to detect the OD 
of antibody solution before adherence (pre), 
supernatant after adherence (post) and washing buffer 
during adherence (wash) at 280 nm. The ODpre, ODpost 
and ODwash were 0.325, 0.040 and 0.002, respectively. 
The adherence efficiency was calculated as follow: 
 
adherence efficiency �

%
ODpre

ODwashODpostODpre
100××××

−−−−−−−− ����
  

 
The adherence efficiency was 87.1%, which suggests 
biotin conjugated HCAg NS3 monoclonal antibody can 
efficiently capture streptavidin conjugated magnetic 
bead forming MIB. 
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Figure 1. Effects of dose of MIB on the assay performance.  
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Figure 2. Optimization of the incubation time. 

 
 
 
Dose of MIB used for detection 
 
After adding 5, 10, 20, 30, 40 and 50 �l of MIB, the ODs 
of positive sample and negative controls were 
determined (Figure 1). Statistical analysis showed no 
significant difference (r = 0.304, P > 0.05). With the 
increase in the MIB amount, the OD of positive samples 
elevated to a certain extent and subsequently 
decreased. However, the OD of negative controls was 
not obviously changed. In the following experiments, 20 
�l of MIB were used for detection. 
 
 
Selection of incubation time 
 
After different incubation times (5, 10, 15, 20, 30 and 40 

min), the ODs of positive samples and negative controls 
were determined (Figure 2). Statistical analysis showed 
significant difference (r = 0.956, P < 0.01). With the 
prolongation of incubation time, the OD of positive 
samples increased, but it did not significantly elevate 
after 30 min of incubation. The negative controls had 
consistent low ODs after different incubation times. 
Therefore, incubation was performed for 30 min in the 
following experiments. 
 
 
Test of detection stability 
 
The MIB, HRP conjugated antibody, positive samples, 
negative controls, reaction buffer and substrate buffer 
were stored at 4°C for 1, 3, 6, 9 and 12  months,  and
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Figure 3. Stability of the assay system at 4°C. 
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Figure 4. The standard curve for the detection of HCAg-NS3.  

 
 
 
then the ODs of positive samples and negative controls 
were determined followed by calculation of adherence 
efficiency (P/N) (Figure 3). Statistical analysis showed 
significant difference (r = -0.985, P < 0.01). The P/N 
was not markedly decreased and it was still higher than 
2.1, 12 months later. These findings suggest the assay 
system has favourable stability. 

Standard curve 
 
HCAg NS3 solution of different concentrations (10, 50, 
100, 200, 500, 800 and 1000 pg/ml) was prepared with 
PBS and ODs were determined followed by delineation 
of the standard curve (Figure 4). Linear regression 
analysis    showed    the  linear  equation   was
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Table 1. Precision of the assay for HCAg-NS3. 
 

HCAg-NS3 (pg/ml) 
Intra-assay (n = 10) Inter-assay (n = 3) 

Mean OD RSD (%) CV (%) Mean OD RSD (%) CV (%) 
100 0.346 1.99 5.73 0.327 2.68 8.19 
200 0.575 2.68 4.67 0.539 4.48 8.30 
500 0.711 4.01 5.64 0.710 3.51 4.95 

 
 
 

13026100010890 .x .y ++++====  and the linear correlation 
coefficient was r=0.969 (P ( 0.01). 
 
 
Sensitivity 
 
Standard concentration was detected tem times and the 
mean OD and its standard deviation were calculated. 
The difference between mean OD and double standard 
deviation was substituted into standard equation and 
the concentration obtained was defined as sensitivity 
(Ren et al., 2008). Experiment was repeated three 
times and the mean detection sensitivity was 5.2 pg/ml.  
 
 
Precision 
 
The deviations in intra-assay and inter-assay were 
analyzed with MIB and HCAg NS3 solution of different 
concentrations (100, 200 and 500 pg/ml) (Table 1). Our 
results showed the deviation was less than 15% 
suggesting favourable repeatability. 
 
 
Correlation between magnetic immunoassay and 
HCV RNA detection 
 
In addition, we detected the HCV RNA in EDTA 
anticoagulated plasma from 42 patients with reagents 
from Roche. Results showed 27 patients had HCV RNA 
positive. Then, the HCAg NS3 in the serum from the 
same 42 patients was also detected and results 
revealed 17 patients had positive HCAg NS3 among 
whom 17 had positive HCV RNA. Further correlation 
analysis showed the correlation was as high as 81% 
between results from magnetic immunoassay and HCV 
RNA detection. 

Linear correlation analysis was performed to analyze 
the correlation between results of HCAg NS3 and HCV 
RNA. The linear equation was 

2216107010128 8 .x.y ++++××××==== −−−−
 and the linear 

correlation coefficient was r = 0.570 (P < 0.01). This 
result suggests there is positive correlation between 
HCAg NS3 and HCV RNA. 

DISCUSSION  
 
Immunoassay using immunomagnetic microparticles as 
the solid phase is a popular and advanced technique 
developed in recently years. In conventional ELISA, the 
antibody physically adheres to the polystyrene plate 
which limits the amount of antibody binding to the plate 
and the detection sensitivity. In addition, conventional 
ELISA is time consuming (longer than 24 h). 

In the present study, biotin has high affinity to 
streptavidin which subsequently exerts biomagnification 
effects. Additionally, the size of magnetic microparticles 
is one of the critical determinants of the detection 
sensitivity (Zhuo et al., 2009), and therefore this 
method can be used in the detection of protein of low 
concentration (Zhang et al., 2006). In our study, the 
diameter of microparticles was only 1 �m and so these 
particles have a large specific surface area. Therefore, 
more antibodies can adhere to these microparticles, 
and the antigen binding site of antibodies is fully 
exposed which reduces steric effects (Ambrosi et al., 
2007; Jie et al., 2008). In addition, magnetic 
microparticles have superparamagnetism and have no 
remanent magnetism in the absence of additional 
magnetic field, which abolishes the magnetic reunion 
and leads to even distribution of particles. Therefore, 
these advantages effectively and efficiently promote the 
binding between antigen and antibody (Morisada et al., 
2002). The MIB prepared in this way can be bound with 
more antibodies and has favourable stability. In addition, 
the dose of MIB in the detection is also small than that 
used in the ELISA. Furthermore, the incubation can 
complete within only 30 min. Based on the controllable 
movement of magnetic particles under magnetic 
conditions, the products can be easily separated which 
makes the operation more simple and rapid. 

After delineation of the standard curve, the results 
showed the antigen concentration was linearly 
correlated with the OD values when the antigen 
concentration ranged from 0 to 1000 pg/ml (r = 0.969, P 
< 0.01). At the lowest detection limit (10 pg/ml), the P/N 
was still greater than 2.1 (r = 0.969, P < 0.01), which 
implies this method can used to detect HCAg NS3 of as 
low as 10 pg/ml (ODpositive = 0.029; ODnegative = 0.011). 
Therefore, the sensitivity of this method was higher 
than that of conventional ELISA (1~2 ng/ml) (Xie et al., 
2009). 



 
 
 
 

After optimization of the experiment conditions, the 
results showed the OD of negative controls was 
consistently lower than 0.1, which suggests our method 
has extremely low non-specificity. 

In the clinical application, the correlation coefficient 
between this new method and HCV RNA detection was 
r = 0.570 (P < 0.01), which suggests there is 
relationship between two methods. This method could 
detect HCAg NS3, but more studies are needed to 
confirm the conclusion. 

Taken together, the novel method developed in this 
study had simplicity, rapidity, high specificity, high 
sensitivity, and stability in the detection of HCV virus. 
Our results indicate this method may be promising in 
clinical application. 
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