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Hepatitis C (HCV) and Hepatitis B virus (HBV) infections are major public health 

issue worldwide. These two hepatotropic viruses share same ways of transmission 

and also coinfection with these two viruses is not unusual, especially in areas with a 

high prevalence of HBV infection and among people at high risk for parenteral 

infection (Liu and Hou 2006). It is imperative that effective and reliable techniques 

for hepatitis C virus (HCV) and hepatitis B (HBV) infection diagnosis be devised. 

Additionally, non-reactive and misdiagnosis, often demanding iteration of tests for 

confirmation. Biosensors based on surface plasmon resonance (SPR) detection assay 

provides a solution for these limitations. Additionally, the SPR can overcome the 

contamination susceptibility of molecular methods that rely heavily on the purity of 

the template nucleic acid and that would result in false positives.  

 

 

This study proposes an optimized SPR protocol for large-scale Hepatitis C and B 

samples screening. HCV and HBV detection chips were set up separately. The HCV 

detection chip was established by immobilization of HCV Core genotype 1, HCV 

Core genotype 3a and HCV NS5 genotype 3a antigens for hepatitis C genotype 

screening. On the other hand, HBs Ag and HBsAg antibody were used to establish 

the HBV screening chip. The limit of detection (LOD) was calculated for each 

immobilized flow cell of each established chip used 20 human donor serums were 

each spiked with HCV antibody for HCV established chip and 20 human donor 

serums were each spiked with HBsAg antibody for HBV established chip. LOD of 

HCV detection chip was in the range of 14.4 – 33.48 pg/ ml followed by a range of 

18- 25.2 pg/ml for HBV detection chip used .  

 

 

A total 137 HCV positive and negative samples were collected. All of the 137 tested 

as positive or negative HCV samples, were analyzed for genotype 1 and genotype 3a 

with established HCV screening chip. 37 samples were tested positive for HCV 

antibody, showed 100% positivity for genotype 1.  Consequently, 6.6 % tested 

positive for core genotype 3a, while 16% tested positive for NS5 genotype 3a. 
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Among the genotype 3a samples tested positive, only one sample showed positive 

results for both core 3a and NS5 3a.  

 

 

A total 400 HBV positive and negative samples were collected. All 100 positive 

HBsAg, 100 negative HBsAg and 200 negative HBsAg antibody samples were 

confirmed serologically by the HBV established chips.  

 

 

Finally, the HBsAg, HCV core genotype 1 and HBsAg antibody were immobilized 

to establish the dual detection chip. Based on the international distribution of HCV 

genotype 1, it was chosen to establish the dual detection chip. The LOD for this dual 

detection chip was in the range of 12.6–26.4 pg/ml. To determine the LOD for this 

established chip,  20 human donor serums were used and each sample spiked with 

HCV antibody and HBsAg antibody individualy and analysed with established chip. 

 

 

Out of total 137 samples, 37 samples tested positive for HCV antibody and 100 

tested negative for HCV antibody. Among oof 400 samples, 100 samples tested 

positive for HBsAg, 100 samples tested negative for HBsAg and 200 samples tested 

HBsAg antibody negative.  

 

A comparison was made between the SPR and ELISA techniques in the diagnosis of 

HCV and HBV infection. It was found that there was a strong correlation between 

SPR and ELISA test when used to detect HCV and HBV in the samples. The 

correlation coefficient obtained with the two techniques approached 1 (P< 0.01).  

The range of linear dose was observed for each immobilized flow cell with a 

coefficient of determination between 98 to 99%.  

 

 

The novelty of this study is the ability to serologically detect HCV and HBV 

antigens and antibody, as well as HCV genotypes mixture simultaneously. LOD for 

developed SPR chips (observed between 14.4 – 33.48 pg/ml) showed higher 

efficiency when compared to HCV and HBV commercially used enzyme-linked 

immunosorbent assay (ELISA) and chemiluminescent immunoassay (ChLIA)  

(ng/ml). Due to the low detection limit of SPR compared to ELISA and ChLIA, it 

can detect false negative samples caused by lower level of antibody and antigen than 

ELISA and ChLIA detection limit, a greater efficiency lacking in the later mentioned 

application. 

 

 

In conclusion, the optimized SPR approach can serve as a standard operating 

procedure (SOP) for national blood screening centers.  Taken together, data indicate 

that the assays developed are highly reproducible, specific and sensitive , accuracy, 

precision, repeatability,  linearity, range and robustness.. This biosensor-based assay 

is a more efficient tool for accurate screening of antibody and antigen in HCV and 

HBV infected patient serum, while retaining the advantages of ELISA. Moreover, 

the inbuilt robotic automated system with reusable chip is on the top of novelty for 

this dual antigen and antibody detection assay for suspected co-infected samples. 
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Jangkitan daripada virus Hepatitis C (HCV) dan virus Hepatitis B (HBV) merupakan 

isu-isu kesihatan awam yang utama secara global. Tambah lagi, jangkitan kedua-dua 

virus ini pada waktu yang sama adalah biasa berikutan dengan perkongsian cara 

penghantaran yang sama. Oleh kerana itu, keperluan untuk teknik yang lebih sensitif 

dan yang boleh dihasilkan semula adalah penting di dalam pengesanan jangkitan 

HCV dan HBV. Di samping itu, isu-isu semasa seperti sampel keputusan ujian yang 

tidak reaktif dan yang memberikan keputusan ujian negatif yang palsu semasa 

penggunaan esei-esei immuno seperti ChLIA dan ELISA, sering mengakibatkan 

diagnosis yang salah dan disebabkan demikian pelbagai ujian-ujian lain diperlukan 

untuk pengesahan. Oleh yang demikian, penggunaan esei pengesanan berdasarkan 

plasmon permukaan resonans (SPR) dapat menawarkan satu kaedah penyelesaian 

terhadap had tersebut. Di samping itu, SPR juga boleh mengatasi kelemahan utama 

pengesanan molekul HCV RNA yang mudah terdedah kepada pencemaran. 

 

 

Kajian ini mencadangkan penggunaan protokol SPR yang optima untuk pengesanan 

hepatitis C dan B di dalam sampel secara skala besar. Pada mulanya, cip pengesanan 

HCV dan HBV telah ditubuhkan secara berasingan. Antigen-antigen HCV Teras, 

HCV teras genotip 3a dan HCV NS5 genotip 3a telah digunakan sebagai ligan dalam 

pembentukan cip pemeriksaan HCV dan HBs Ag dan HBsAg antibodi telah 

digunakan untuk pembentukan cip pemeriksaan HBV. Had pengesanan (LOD) telah 

dikira bagi setiap sel aliran pada setiap cip yang dibentuk. LOD yang dicip 

pengesanan HCV adalah di dalam rangkaian pengesanan 14.4-33.48 pg/ml diikuti 

oleh rangkaian pengesanan 18 dan 25.2 pg/ml untuk cip pengesanan HBV. 

 

 

Dalam kajian ini, sebanyak 137 sampel HCV positif dan negatif telah dianalisis 

untuk genotip 1 dan genotip 3a. Daripada itu, didapati 37 HCV antibodi sampel yang 

positif menunjukkan 100% positif untuk genotip 1. Seterusnya, 6.6% adalah positif 

bagi genotip 3a teras manakala 16% untuk NS5 genotip 3a. Antara sampel-sampel 

genotip 3a yang positif, hanya satu sampel menunjukkan keputusan yang positif 
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untuk kedua-dua 3a teras dan NS5 3a. Sementara itu, semua sampel HBs Ag yang 

positif dan yang negatif dapat disahkan secara serologi oleh cip pengesanan HBV 

yang telah dibentuk.  

 

 

Selain itu, cip dwi-pengesanan telah dibentuk dengan pengtetapan HBsAg, HBsAg 

antibodi dan HCV teras di atas permukaan cip. LOD untuk cip dwi-pengesanan ini 

adalah di dalam rangkaian pengesanan 12.6-26.4 pg/ml. Didapati daripada jumlah 

537 sampel, 37 sampel adalah positif terhadap HCV antibodi dan 100 adalah negatif 

terhadap HCV antibodi manakala 100 sampel menunjukkan kepututsan yang positif 

terhadap HBsAg, 100 sampel negatif untuk HBsAg dan 200 sampel menunjukan 

keputusan yang negative terhadap HBsAg antibodi. 

 

 

Perbandingan yang dibuat di antara teknik SPR dan ELISA dalam diagnosis 

jangkitan HCV dan HBV menunjukkan korelasi yang kuat antara kedua-dua ujian 

tersebut dalam pengesanan HCV dan HBV daripada sampel. Pekali korelasi yang 

diperolehi dengan kedua-dua teknik ini didapati menghampiri 1 (P <0.01) manakala 

rangkaian kelurusan bagi setiap sel aliran adalah di antara 98-99%. 

 

 

Kebaharuan kajian ini adalah di dalam keupayaannya untuk mengesan HCV dan 

HBV antigen dan antibodi dengan serentak di samping campuran genotip secara 

serologi. LOD untuk SPR (pg/ml) menunjukkan pengesanan yang lebih baik jika 

dibandingkan dengan ELISA komersial dan ChLIA (ng/ml). Oleh kerana had 

pengesanan yang lebih rendah ini, cip dwi-pengesanan yang telah dibentuk boleh 

diaplikasikan untuk mengesan sampel negatif palsu pada masa hadapan. 

 

 

Kesimpulannya, pendekatan SPR telah dioptima boleh berfungsi sebagai prosedur 

operasi standard (SOP) untuk pusat-pusat pemeriksaan darah negara. Esei 

pengesanan ini yang berdasarkan biosensor berpotensi berfungsi sebagai alat yang 

sensitif untuk pemeriksaan segera antibodi dan antigen jangkitan HCV dan HBV 

daripada sampel darah pesakit, sementara mengekalkan kelebihan ELISA. Selain itu, 

sistem terbina robot automatik dengan cip yang boleh diguna semula merupakan ciri-

ciri kelebihan untuk cip dwi-pengesanan yang telah dibentuk dalam pengesanan 

sampel yang disyaki dijangkiti dengan HCV dan HBV.  
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CHAPTER 1 

 

 

1 INTRODUCTION 

 

 

1.1 Background of study  

 

Approximately 400 million people worldwide are infected with Hepatitis B virus 

(HBV) (Brouwer 2015, Lavanchy and Kane 2016). The World Health Organization 

(WHO) estimates the number of people infected with HCV to be approximately 170 

million (Crockett et al., 2005, Liu et al., 2006). 

 

 

Hepatitis C and B are amongst the most challenging diseases in the world. Hepatitis 

C virus is responsible for chronic liver diseases, such as cirrhosis, end-stage liver 

disease, and hepatocellular carcinoma (Yao et al., 2014, WHO, 2015). Due to the 

absence of vaccines for Hepatitis C, it is critical to detect infection at an early stage 

(Lauer et al., 2014). The Hepatitis C does not present any observable symptom, due 

to which chronic liver disease can progress to cirrhosis and hepatocellular carcinoma 

undetected (WHO, 2014a).   

 

 

However, in endemic areas, a large number of patients are infected with both viruses, 

mainly because of exposure through common routes of transmission (Konstantinou 

et al., 2015). Among the Malaysian population aged between 15-64 years, the 

prevalence of HCV infection is 2.5% and HBV infection is 4.7% (McDonald et al., 

2014). In 75% of chronic liver disease detected in Malaysians, hepatitis B virus is the 

major causative agent. In 2013, the incidence rate of chronic HCV was 6.8 per 

100,000 populations (McDonald et al., 2014). Around 5% of healthy blood donors in 

Malaysia are chronic carriers for hepatitis B virus. Furthermore, the most prevalent 

HCV genotype is genotype 3 (54.5%) and subtype 3a (94%) followed by genotype 1 

(40%). Hepatitis C virus subtypes 3a, 1a, and 1b are detected frequently in patients, 

while subtype 3a being the most prevalent amongst them (Mohamed et al., 2013). 

 

 

Serological and virological tests have become essential in the management of 

Hepatitis infection in order to diagnose infection, plan treatment, and assess the 

virological response to antiviral therapy (Uliana, Riccardi et al. 2014). A range of 

different technologies have been developed for screening and detection of hepatitis 

infection, such as serological assays, enzyme-linked immunosorbent assay (ELISA), 

and polymerase chain reaction (PCR) (Gupta, Bajpai et al. 2014) .  Currently, ELISA 

is the most widely used method for screening and detection of HCV. The assay is 

performed  for the detection of anti-HCV antibodies using recombinant HCV 

genome proteins (Ijpelaar et al., 2005). Detection of anti-HCV antibodies is unable to 

distinguish between a current or past infection, because people will retain anti-HCV 

antibodies for life once they have been exposed to HCV (Pei, Zhang et al. 2013). In 

addition, the testing for anti-HCV antibodies might provide false negative results, 

because of window period (Hofmann, Dries et al. 2005). As such the nucleic acid 

testing (NAT) methods are currently being used as a supplementary test for ELISA 
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instead of PCR because it is not only expensive to perform but also susceptibility to  

contamination (Dufour et al., 2003). However, detection of HCV RNA could provide 

false positive results due to contamination. It is also too expensive and labor-

intensive for routine use. It has been reported that the HCV core antigen can be 

detected in the serum of most patients during the acute infection (Gaudy, Thevenas et 

al. 2005). HCV core antigen levels correlate well with HCV RNA levels, and may 

consequently be used as an indirect marker of HCV replication, in a low-cost 

alternative technique for diagnosis of acute HCV infection (Krishnadas, Li et al. 

2010, Park, Lee et al. 2010Moscato, Giannelli et al. 2011) . The HCV core antigen 

has been reported to appear earlier than the anti-HCV antibody, and may be detected 

within 1 or 2 days following the appearance of HCV RNA in serum (Uliana, Riccardi 

et al. 2014). Despite heigh sensitivity and specificity, it has limitations. Firstly, the 

viruses cannot be detected during the early stages of infection. Secondly, antibodies 

against HCV antigens are not produced in the early stages of infection. Thus, 

detection of HCV infection at an early stage is not possible with ELISA. 

Additionally, the immune-suppressed patients during their post transplantation 

period, and immune-compromised patients infected by human immunodeficiency 

virus (HIV), while infected by HCV, they may not produce any perceptible 

antibodies (Lee et al., 2007).  

 

 

The Surface Plasmon Resonance (SPR) method has more advantages compared to 

the conventional ELISA. It is real-time, requires shorter duration for detection, label-

free and can be highly specific and sensitive with greater simplicity (Lee et al., 

2007b; Kumbhat et al., 2010). Surface plasmon resonance is a sensitive optical 

detection method for characterizing interactions between macromolecules (Biacore 

Hand Book, 2012).  

 

 

Application of SPR-based biosensor is popular in wide variety of fields such as 

proteomics, drug-screening, medical diagnostics, and food safety. It offers capability 

to determine the specificity, kinetics, and affinities of macromolecule interactions 

high throughput and low sample consumption (Spindel & Spsford, 2014). Currently, 

SPR technology has been applied in virology because it is a sensitive and reliable 

diagnostic tool that is performed through the immobilization of DNA, RNA, protein 

(usually antibody-antigen), virus particles, and whole viruses.  It has been used for 

the detection of influenza (Bai et al, 2012), Rabies (Xu et al., 2012) and dengue 

viruses (Jahanshahi et al., 2014). 

 

 

Unlike currently available viral assays such as ELISA, cell culture, PCR, reverse 

transcriptase PCR (RT-PCR) and radioimmunoassay (RIA), SPR makes it possible to 

monitor interactions in real-time and quantify at low limit of detection. Although 

SPR technology has been widely used in recent years, there is no specific report on 

SPR application in the detection of hepatitis infection. Furthermore, there is no 

record on direct immobilization of enveloped virus on SPR chips. There is a demand 

for dual detection of hepatitis B and C through a fast, reliable and sensitive technique 

such as SPR.  
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Hepatitis C and hepatitis B viruses are responsible for many severe ailments. The 

hepatitis C core Ag and hepatitis B surface Ag were chosen for the development of a 

new chip-based detection assay. A reliable assay is expected to differentiate positive 

and negative samples without relying on supplementary assays. There is currently no 

dual detection method for screening and detecting hepatitis C and B or determining 

prevalence of hepatitis C and B co-infections.  

 

 

1.2 Hypothesis  

 

The SPR-based technique for simultaneously detecting hepatitis C and B viral 

infections in serum is sensitive and specific. 

 

 

1.3 Objectives of study 

 

1.3.1 General objective 

 

To develop a detection assay for the diagnosis of the C and B viral infection 

simultaneously using SPR technology 

 

 

1.3.2 Specific objective 

 

1. To establish ligand proteins for SPR- based detection of hepatitis C and B 

viral infections. 

2. To develop and optimize an assay for simultaneous detection of hepatitis 

C and B viral infection.  

3. To validate the specificity and sensitivity of the simultaneous hepatitis C 

and B virus detection assay.  

4. To compare the detection limits of hepatitis C and B viral infections 

between the SPR- based assay, ELISA and chemiluminescent 

immunoassay (ChLIA).  
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Appendix B 

 

Chip Establishment 

 

B.1 Established chip for single detection of HBV 

 
 

 

B. 2 Established chip for single detetion and genotyping  of HCV 

 
 

 

B.3 Established chip for dual detection of HCV and HBV 
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Appendix C 

 

Standard Curves 

 

 

C.1 ELISA standard curve 

 

ELISA HBsAg kit was used in Chapters 4 to calibrate the amount of rHBsAg 

standard. Its procedure is described in section 3.2.2.  

A typical standard curve is shown in Figure F1. 

 

 

 
Figure F1: Standard curve for ELISA kit 
Note: The error bar (present in the symbol) represents the standard deviation between the 

duplicates. The linear correlation and its R2 are depicted in the figure. If R2>0.9, the 

standard generated is good. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y = 0.3886x + 3.4317 
R² = 0.9935 

3.3

3.4

3.5

3.6

3.7

3.8

3.9

0 0.2 0.4 0.6 0.8 1 1.2

A
b

so
rb

a
n

ce
 4

5
0
  
n

m
 

HBsAg  concentration µg/ml 

ELISA STD curve 

ELISA STD
curve
Linear (ELISA
STD curve)



© C
OPYRIG

HT U
PM

141 

 

C.2 Protein determination (Brad Ford) standard curve 

 

The procedure for protein determination is described in section 3.2.3. BSA was used 

as a standard throughout the study to determine the concentration of total protein and 

BSA. A typical standard curve is shown in Figure F2. 

 

 

 
Figure C2: Standard curve for protein determination (Brad Ford) 
Note: The error bar (present in the symbols) represents the standard deviation between the 

triplicates. The linear correlation and its R2 are depicted in the figure. If R2>0.9, the 

standard generated is good. 
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Appendix D 

 

Program 

 

 

D.1 Customized program to run samples in Biacore 3000 

 

Program is created using Biacore control software to run samples in an automatic 

fashion. A model of a program is shown below. 
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Appendix E 

 

Refrence Flow Cell 

 

 

 
Figure D1 Model of Immobilization sensorgrams  
a = baseline response, b = activation of surface chip, c = injection of samples (ligand), d = 

inactivation of the remaining active site on the surface e = difference in RU compared 

between the final response compared to baseline which reflects the amount of proteins 

immobilized  
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Appendix F 

 

Equation 

 

 

F.1 Calculations the coefficient of variation 

 

The coefficient of variation (CV) is a normalized measure of reliability expressed in 

percentage. It has the advantages to be a dimensionless number enabling the user to 

compare the CV between different data sets without taking into consideration the 

mean value. When the mean value is closer to zero the CV is very sensitive to small 

changes and are therefore not as useful. CV is normally presented in percentage and 

with the number of data in the set as n. CV is calculated with Equation below.  

  ( )  
 

 
     

Where σ = standard deviation and μ = mean. 

 

F.2 Calculations for limit of detection, limit of quantification  

 

F.2.1 Limit of detection (LOD) 

 

         (     ) 
F.2.2 Limit of quantification (LOQ) 

                                                               (     ) 
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