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Hepatitis B viral (HBV) load monitoring is mainly important for the patients suffering from liver 
related diseases. Several techniques have been established to identify the viral load in the patients such 
as serological tests and various types of PCR. 
implementation of cost
use of Quantstudio 3D digital PCR for the preparation of in
technology more cost
sensitivity, precision, reproducibility while at the same time we also compared with the digital PCR 
(dPCR) for its accuracy. The sensitivity of digital PCR (dPCR) is better 
absolute quantification. RT
competent with dPCR, though the latter is better in a way that no standards or controls are required for 
quantification.
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INTRODUCTION 
 
Hepatitis B virus (HBV) is a small and partially double
stranded enveloped DNA virus type and is a leading cause of 
liver-related deaths. Persistent HBV replication indicates an 
independent risk factor for liver cirrhosis and hepatocellular 
carcinoma (HCC) (Ganem and Prince, 2004).
million have persistent and chronic infection while nearly 2 
billion people are infected by HBV worldwide (Yim and Lok, 
2006). HBV DNA viral load detection is required for the 
proper management of the chronic Hepatitis B patients for 
which efficient, reliable and sensitive molecular tests are 
required to detect the hepatitis B viral load. 
diagnosis of HBV infection is routinely performed with 
serological tests and quantitative real-time PCR (qPCR) (Ide 
al., 2003). However, false-negative results are major issues due 
to the PCR inhibition or low viral load in the specimen as well 
as HBsAg variation. Hepatitis B viral load measurement is 
critical in the patients whose HBsAg may be negative during 
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ABSTRACT 

Hepatitis B viral (HBV) load monitoring is mainly important for the patients suffering from liver 
related diseases. Several techniques have been established to identify the viral load in the patients such 
as serological tests and various types of PCR. In this cohort we describe the validation and 
implementation of cost-effective quantitative real-time PCR for Hepatitis B viral load detection. The 
use of Quantstudio 3D digital PCR for the preparation of in
technology more cost-effective and sensitive. The real-time HBV assay was validated for its linearity, 
sensitivity, precision, reproducibility while at the same time we also compared with the digital PCR 
(dPCR) for its accuracy. The sensitivity of digital PCR (dPCR) is better 
absolute quantification. RT-PCR is used in all laboratories with Taqman chemistry which is almost 
competent with dPCR, though the latter is better in a way that no standards or controls are required for 
quantification. 
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stranded enveloped DNA virus type and is a leading cause of 

related deaths. Persistent HBV replication indicates an 
independent risk factor for liver cirrhosis and hepatocellular 
carcinoma (HCC) (Ganem and Prince, 2004). More than 350 
million have persistent and chronic infection while nearly 2 
billion people are infected by HBV worldwide (Yim and Lok, 
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the acute phase of infection i.e. window period (Datta
2007) as well as in the patients, who often have very low viral 
load (<200IU/ml) (Raimondo et al
techniques have been developed and validated for the 
diagnosis and management of HBV infection in the clinical 
diagnosis setting. Real-time PCR technology based on Taqman 
Chemistry (Mackay et al., 2002; Arya
which has been evaluated to quantitate HBV DNA with wider 
dynamic range, higher sensitivity and accurate quantification
than serological tests (Abe et al
et al., 2001; Shyamala et al., 2004; Sum 
also increasingly used as a powerful diagnostic tool for 
infectious disease identification than serological tests.
PCR has the potential to highly accurately qu
concentration of nucleic acids in a sample, to a much greater 
extent than traditional quantitative PCR, through counting 
individual DNA molecules (Lindh and Hannoun, 2005)
Beside its research abilities, dPCR could serve as a standard 
tool in nucleic acid quantification especially in the field of 
viral diagnostics (Vogelstein and Kinzler, 1999).
we have tried to validate a real
hepatitis B viral load detection which is sensitive and effective 
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also increasingly used as a powerful diagnostic tool for 
infectious disease identification than serological tests. Digital 
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in the clinical setting and also compared it with Quantstudio 
3D digital PCR system. 
 

MATERIALS AND METHODS 
 
Clinical specimen 
 
In this study, we included 82 sero-positive as well as 24 sero-
negative samples for the validation of HBV real-time PCR 
detection. They were asked to fill consent forms before blood 
collection. This project was supported/approved by Gujarat 
University, Human Ethical Committee (GUHEC-001/2015) for 
investigation. 
 
DNA extraction 
 
DNA was extracted manually from 200ul of plasma using the 
QIAamp DNA mini kit (Qiagen, Germany) according to the 
manufacturer’s instructions and eluted in 50ul nuclease free 
water. The DNA was stored in -80°C till further use for all 
samples. 
 
Real-time PCR 
 
Amplification was performed in 20ul reaction mixture 
containing: 1X Roche ROX Universal PCR Master Mix, 1ul of 
HBV Taqman assay (Pa03453405_s1; Applied Biosystems) 
and 2ul of extracted DNA. As an internal control, we used the 
Taqman Exogenous Internal Positive Control Reagents kit with 
1X IPC Mix (Primers and Taqman probe labeled with VIC) 
and 1X IPC DNA. All reagents were obtained from Applied 
Biosystems (Foster City, CA, USA) and cycled according to 
following instructions: 95°C for 10min, followed by 45 two-
step cycles of 95°C for 15sec and 60°C for 60sec and a final 
extension at 37°C for 30sec. The HBV viral load was 
measured as the IU/ml of DNA (Roche Light Cycler 96 real-
time PCR system).  
 
Quantstudio 3D Digital PCR 
 
The viral DNA samples were loaded onto the chips using the 
Quantstudio 3D Digital PCR chip loader in a mixture 
consisting of 2X Quantstudio 3D Digital PCR master mix and 
20X HBV Taqman assay (Pa_03453405) as mentioned in the 
digital PCR protocol by Thermofisher. The chips were sealed 
and loaded onto a Proflex 2x flat PCR system (Thermo Fisher 
Scientific) and cycled according to following instructions: 
96°C for 10 min, followed by 39 cycles of 60°C for 2 min and 
98°C for 30 sec and a final extension at 60°C for 2 min. The 
chip images were determined on Quantstudio 3D PCR 
instrument and further analyzed using Quantstudio 3D analysis 
suite cloud software. The HBV viral load was measured as the 
copy numbers per microliter of DNA sample. The final results 
were expressed in IU/ml as discussed in the above section. The 
validity of each chip run on digital PCR was determined by 
preset metrics set by the manufacture in the QuantStudio 3D 
analysis suite.  
 
Preparation of standard on Digital PCR 
 
Commercially available HBV standard panel (AcroMetrix 
Corp., Benicia, CA) were used to generate our in-house plasma 
standard that was validated on Quantstudio 3D digital PCR.  
The levels of plasma HBV DNA viral load were determined 

using standards that were calculated with Quantstudio 3D 
digital PCR, which is the most accurate technique.  
 
Performance of real-time PCR 
 
The standard curve was prepared by serially diluting the 
standard in a negative plasma covering 8-Log10 dynamic 
linearity over the range of 7 x 108 to 7 x 101 IU/ml and were 
tested in duplicate along with the negative controls. Intra-assay 
and intra-assay variation was determined by testing the 
reproducibility of three HBV sero-positive samples with viral 
load of 2 Log10, 2.87 Log10 and 3 Log10IU/ml, in eight 
replicates, in a single run for three days. Reproducibility was 
decided by calculating the coefficient of variation (CV%). For 
Clinical specificity, we tested the HBVReal-time PCR assay 
against 24 HBV sero-negative samples, 82 HBV sero-positive 
samples, as well as for the samples positive for HIV1, HCV, 
CMV, HPV, JC, BK, HSV, TB, VZV, Parvo and EBV 
respectively. Comparison of HBV real-time PCR assay and 
Quantstudio 3D Digital PCR system was performed in 9 HBV 
sero-positive plasma samples with a viral load ranging from 
Log10 2-6 IU/ml of HBV concentration. 
 
Statistical Analysis 
 
Validation of qPCR was analyzed by scatter and linear 
regression. For reproducibility analyses, viral loads were 
summarized by means of standard deviations(SD) and 
coefficient of variation(CV).Scatter plots were performed to 
assess the agreement between the real time PCR and Digital 
PCR. Statistical significance was set at p<0.05. 
 

RESULTS 

 
The linear dynamic range of the HBV real-time PCR assay was 
assessed using an 8-log10 dilution series. The assay was shown 
to be linear over the entire range of 5 × 101 to 5 × 108 IU/ml. A 
typical standard curve amplification plot and linear regression 
analysis of these data are shown in Fig. 1A and B. The 
regression analysis yielded a R2 of 1.0 and a y-intercept value 
of 43.30. The slope of 3.5041 closely approximates the 
theoretical maximum amplification efficiency of 100% ( 3.32 
slope) with an error rate of 0.22. Clinical specificity was 
determined using 24 HBV sero-negative samples and 82 sero-
positive samples. All of these sero-positives were positives 
covering from 3Log10IU/ml to around 10Lg10IU/ml of HBV 
concentration while the sero-negative samples were negative 
for HBV DNA by our real-time PCR assay, resulting in a 
clinical specificity of 100%. Further, HBV real-time PCR 
assay showed no cross-reactivity with the samples of HIV1, 
HCV, CMV, HPV, JC, BK, HSV, TB, VZV, Parvo and EBV 
respectively. To evaluate assay reproducibility, three 
independent experiments were performed, in which each of the 
dilution levels was tested in eight replicates for 3 days. The 
mean intra-assay precision was less than 3% for all the 3 
samples for 3 days. The CV of inter-assay variation was also 
very low, around 1.13%, 1.97%, 1.53% for 3Log10, 2.87 Log10 
and 2 Log10 IU/ml respectively (Tables 1 and 2).  The clinical 
sensitivity of the quantitative real-time PCR assay was 
determined using a low-titer dilution series for hepatitis B viral 
load concentration. HBV DNA was diluted to concentrations 
of 1000, 750, 100, 75, and 0 IU/ml (Table 3). Each dilution 
was tested in 24 replicates. The detection limit of the assay 
calculated by probit analysis was 100IU/ml.  
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Table 1. Intra-assay variability of the real-time PCR for hepatitis B viral load detection 

 

HBV Concentration (Log10IU/ml) 
Intra-assay reproducibilitya 

Average Ct SD CV% 
Intra-day (Day-1), n=8    
3.00 32.78 0.14 0.41 
2.87 33.91 0.88 2.61 
2.00 34.13 0.57 1.68 
Intra-day (Day-2), n=8    
3.00 32.95 0.46 1.38 
2.87 34.13 0.45 1.31 
2.00 34.12 0.31 0.91 
Intra-day (Day-3), n=8    
3.00 32.97 0.53 1.61 
2.87 33.57 0.67 1.98 
2.00 34.71 0.69 1.99 

                                             a Ct value is the average Ct value of 8 replicates/sample in a single run in a single day. 

 
Table 2. Inter-assay variability of the real-time PCR for hepatitis B viral load detection 

 
 

HBV Concentration (IU/ml) 
Inter-assay reproducibilityb 

Average Ct SD CV% 
Inter-day, n=24    
3.00 32.89 0.37 1.13 
2.87 33.87 0.67 1.97 
2.00 34.32 0.53 1.53 

                                    b Ct value is the average Ct value of 8 replicates/sample in a single run for 3 days. 

 
Table 3. Real-time PCR performance for hepatitis B viral load detection by probit analysis 

 
HBV Concentration(IU/ml) Number Positive/Tested Percentage Positive (%) 

1000 24/24 100 
750 24/24 100 
100 24/24 100 
75 19/24 79.2 
0 0/24 0 

 

 
 

Figure 1A. Real-time PCR assay standards curve showing linearity over 8-Log10 dynamic range over the range of 7 x 108 to 7 x 101 
IU/ml tested in duplicate 

 

 
 

Figure 1B. Real-time PCR assay amplification plot showing linearity over 8-Log10 dynamic range over the range of 7 x 108 to 7 x 101 
IU/ml tested in duplicate. The figure was generated by the Roche Lightcycler 96 version 
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Figure 2. Comparision of hepatitis B real-time PCR with the 
Digital PCR 

 
The HBV concentration of 75 IU/ml was detected about 79.2% 
of the times by HBV real-time PCR assay system (Table-3). 
To further check the accuracy of our HBV assay, 9 sero-
positive samples with a viral load ranging from 2 log10 to 6 
log10 IU/ml were assessed by both the methods i.e. HBV real-
time PCR assay and Quant studio 3D digital PCR system. The 
regression analysis revealed a good linear relationship 
(R2=0.907). The log difference between the two assays was 
less than 1.0 and r=0.95 (Figure-2). 
 

DISCUSSION 
 
In this study we report the effective validation and 
implementation of an HBV real-time PCR assay with the use 
of digital PCR method. This assay has clinical sensitivity at 
100 IU/ml using initial sample volume of 200ul, at least an 8 
log10 linear dynamic range without the need for specimen 
dilution, as well as good clinical reproducibility. Quantitative 
HBV DNA measurements for specimens with viral load assay 
showed excellent correlation with Digital PCR results 
(r=0.907). Further, the use of internal control in our assay will 
further improve the quality as the probability of false negative 
will be ruled out to much greater extent which can be due to 
the presence of PCR inhibitors. Digital PCR can be used to 
prepare in-house standards and for the absolute quantification 
with higher sensitivity. There are reports of droplet digital PCR 
for hepatitis B viral load detection in FFPE tissue (Huang et 
al., 2015) as well as in plasma samples (Laure et al., 2014; 
Tang et al., 2016). Viral load detection in the patients is very 
critical in monitoring the patients during all the phases of 
infection and treatment. Several kits are commercially 
available both IVD as well as FDA approved; however their 
high cost is a barrier for the patients. Henceforth it is required 
to develop and validate an affordable technology as well as at 
the same time it should be equally sensitive which can be 
observed in this study. A review on global guidelines and 
modified cut-off levels for HBV has been published that 
showed the viral load requirement for the diagnosis and 
treatment at 2000IU/ml (Sethy and Goenka, 2009). Several 
research papers have been published for Hepatitis B viral load 
quantification using in-house real time quantitative PCR 
(Ghosh et al., 2016) but it is crucial to make the technology 
cheaper as well as equally effective. As the standards are 
required to be run with every batch in diagnostic setting to 
calculate actual viral load of the patient, which actually add up 
the cost, the preparation of in-house standards using digital 
PCR will be of great help to make the test cheaper and at the 
same time sensitive in future (Parth et al., 2017). 

Various technologies and commercially available kits have 
come up for hepatitis B viral load detection but Real-time PCR 
quantification than serological tests is usually recommended 
because of its sensitivity, reproducibility and broad dynamic 
range over other technologies. An in-house validated HBV 
real-time PCR assay can serve not only as a sensitive assay 
with 79.2% (75IU/ml), but also cost-effective for the patients 
who are required to test their viral load several times during 
treatment and follow-up schedules. Further in-house standards 
preparation for real-time PCR using the Quantstudio 3D digital 
PCR system will further decrease the cost of the test as there 
would be no need for the commercially available standards. 
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