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Study on new method for the detection of hepatitis B virus based on

centrifugal microfluidics

MU Lidi' ZHOU Xiao§un' and YE Jia-ming > ( 1. Anhui University of Science & Technology
Huainan 232000; 2. Yangize Delta Region Institute of Tsinghua University Jiaxing 314006)
Abstract: Based on the conventional principle of ELISA a new method for Hepatitis B virus detection
based on centrifugal microfluidic technology is proposed. The disposable centrifugal chip designed in
this paper integrated the units of injection enzyme-inked immunoassay reaction and detection. In this
paper HBYV surface antigen was chosen as the experimental object. The antibody was coated on the chip
in advance and the detection of hepatitis B surface antigen was completed in three stages. Then the
results obtained on the chip were fitted with Origin which showed that the correlation coefficient R
reaches 0. 99212. Rapid and accurate detection of HBV can be achieved within 60 min and standard
recovery rate of Hepatitis B surface antigen ranges from 95% to 102.3%. The chip can assure its
stability in a month. Compared with the traditional hepatitis B virus antigen detection microfluidic chip
has the advantages of fast detection good stability high accuracy and simple operation.
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1 (A) (B)
Fig. 1 Schematic illustration of the centrifugal microfluidic chip for detection of HBV( A) and construction unit ( B)

1 —reaction pool; 2 —washing buffer pool; 3 - substrate pool; 4 - stop buffer pool; 5 — waste pool
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2
Fig.2 Fluid driving process of centrifugal microfluidic chip
(a) Detection chip coated with Hepatitis B virus surface antibody; ( b) add sample into the reaction pool and the washing buffer
goes into the washing buffer pool; ( ¢) while the reaction finished set the rotation speed at 2000 r/min and time at 2 min. Sample
waste goes into the waste pool and washing buffer cleans the reaction pool and then goes into the waste pool; ( d) add conjugate into
the reaction pool and washing buffer into the washing buffer pool. Conjugate react with antigen antibody binding; ( €) while reaction
finished set the rotation speed at 2000 r/min and time at 2 min. Conjugate waste goes into the waste pool and washing buffer cleans
the reaction pool then goes into the waste pool; ( f) substrate and stop buffer were added into the related pool; ( g) colour reaction:
set rotation speed at 400r/min and time at 10s active the device substrate into the reaction pool; ( h) termination reaction: set

rotation speed at 500r/min and time at 10s active the device stop buffer goes into the reaction pool to stop the reaction
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1

Table 1 Design of each channel and centrifugation time and speed

Channel Length/mm  Width/mm Depth/mm Rotate speed/( r/min)  Time/s
Washing buffer channel 4 2 2 360 50
Substrate channel 7.2 1.1 2 400 10
Stop buffer channel 19 0.8 2 500 0
Waste channel 26.3 0.2 1 > 1500 200
3 « ”

Fig. 3 The ‘capillary valve’ role played by waste channel
(A) The liquid was trapped in the reaction cell at a centrifugal speed of 400r/min and time at 10s; ( B) The liquid was trapped in

the reaction cell at a centrifugal speed of 500r/min and time at 10s.
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Table 2 Determination of the optimal

antibody concentration

Dilution Negative =~ Weakly positive  Strong positive 2.4
gradient sample sample sample
1: 10000 0.187 0.496 0.978
1: 15000 0.1438 0.422 0.846 7.51U0/L
1:20000 0.096 0.39%4 0.752 5 5 6
1:25000 0.081 0.358 0.674
1: 30000 0.060 0..316 0.650 3% ~
1: 40000 0.051 0.216 0.524 102. 3% 3.
1:80000  0.049 0.136 0.296 2.5
4°C
2.3 25°C 30d

90 60 30 15 7.5IU/L 96. 4% 80. 5%
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Fig. 4 Results of hepatitis B virus surface antigen standard solution
( A) Results of hepatitis B virus surface antigen in the 96-well plate; ( B) Results of hepatitis B virus surface antigen on the

centrifugal microfluidic chip

3

Table 1 Results of recoveries of the spiked samples
16

Standard addition Standard measurement Recovery

/(TU/L) /(TU/L) 1% 2.6
3.75 3.70 98.7 ELISA
7.5 7.32 97.6
15 15.35 102.3
30 28.5 95 4.
60 58.8 98
4 ELISA

Table 4 Comparison of the developed method with centrifugal microfluidic chip

Standard
Detection Testing time  Sample volume Reagent
. . c/(TU/L)
method t/min V/pL consumption V/uL RSD/%
(n=6
Microfluidic chip 60 40 360 76.4 2.4
Traditional Elisa method 145 100 750 74.5 3.6
4 ELISA N N N o
145 min 1) N
60 min; 2/5; 12)
N 145 min 60 min; 3)
3  4)
( ELISA) N
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