A latest and promising approach for prediction of viral
load in hepatitis B virus infected patients

Naresh Yalamanchili, Rahamathullah Syed, Madhavi Chandra, Vishnupriya Satti', Ramachandra Rao,

Aejaz Habeeb Mohammed, Khaja Mohammed Nanne

Department of Gastroenterology, Centre for Liver Research and Diagnostics, Owaisi Hospital and Research Centre,
Kanchanbagh, Hyderabad, 'Department of Genetics, Osmania University, Tarnaka, Hyderabad, India

INTRODUCTION: Designing a rapid, reliable and sensitive
assay for detection of hepatitis B virus (HBV) variants by
real-time PCR is challenging at best. A recent approach
for quantifying the viral load using a sensitive fluorescent
principle was brushed in this study.

MATERIALS AND METHODS: A total of 250 samples
were collected from the outpatient unit, CLRD. Complete
Human HBVDNA sequences (n= 944) were selected from
the National Centre for Biotechnology Information (NCBI),
primers and probes were designed and synthesized
from the core, surface, and x region. Real-time based
quantification was carried out using a standard kit and in-
house generated standards and RT-PCR protocols.
RESULTS AND DISCUSSION: The standard calibration
curve was generated by using serial dilution 102 to 108.
The calibration curve was linear in a range from 102 to 108
copies/ml, with an R? value of 0.999. Reproducibility as
measured by dual testing of triplicates of serum samples
was acceptable, with coefficients of variation at 6.5%,
7.5%, and 10.5%. Our results showed that amplification
performance was good in the case of the x-region-based
design (98%). Out of 100 negative samples screened by
enzyme linked immunosorbent assay and the standard
RT-PCR kit, one sample was detected as positive with
the in-house developed RT-PCR assay, the positivity of
the sample was confirmed by sequencing the amplified
product, NCBI accession EU684022.

CONCLUSION: This assay is reproducible showing limited
inter- and intra-assay variability. We demonstrate that the
results of our assay correlated well with the standard kit
for the HBV viral load monitor.
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Introduction

Human hepatitis B virus (HBV) is the major
epidemiological agent chronically infecting more than
350 million people worldwide. The infection can cause
acute and chronic liver disease, including cirrhosis
and hepatocellular carcinoma (HCC).l'"2 A significant
proportion of chronic infections terminate in HCC, leading
to more than one million deaths annually.®4

HBV has a circular genome of approximately 3200
base pairs and is divided into eight different genotypes
(A to H) based on entire genome sequence divergence
of greater than 8%.5%! In addition, a number of common
mutations have been described in HBV strains and
recombinant genomes have been reported.’'%These
include variability within the basic core promoter, precore/
core region, and the pre-S1 gene, which shows great
heterogeneity.!'-13]

There is increasing evidence that measuring the level
of HBV Deoxyribonucleic acid (DNA) in serum is useful in
monitoring the efficacy of antiviral therapy,®'* detecting
the occurrence of drug-resistant mutants and relapse
after discontinuing antiviral therapy.” The real-time
Polymerase Chain Reaction (PCR) method based on
the TagMan chemistry uses a dual-labeled fluorescent
probe containing a reporter dye that is quenched by a
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second fluorescent dye.l" In real-time PCR, there is a
direct relationship between the starting template copy
number and the number of cycles needed to measure
a positive signal from the reporter dye.!"® However, due
to the great heterogeneity in HBV genomic sequences,
designing primer and probe sets to detect and quantify all
HBYV genotypes by real-time PCR is challenging at best.
The aim of this study is to develop a newer, rapid, and
sensitive assay to detect and quantify HBV in patients.

Materials and Methods

Study samples and controls

A total of 250 samples consisting of HBV positive
(n = 100), HBV, HCV and HIV negative (n = 100),
HCV positive (n = 25) and HIV positive (n = 25) were
collected from subjects attending the outpatient unit at
Centre for Liver Research and Diagnostics. HBV, HIV,
and HCV infections were screened using enzyme linked
immunosorbent assay [ELISA-Pathozyme HBsAg (M/S
Omega Diagnostics Limited U.K.), Ortho HCV 3.0 ELISA
test system with enhanced SAVe, Ortho HIV-1/HIV-2
Ab Capture ELISA Test System (M/S Ortho Clinical
Diagnostics USA)]. HBV positive samples were further
screened for HBeAg using ELISA and the HBV DNA
levels were determined by HBV Real-TM Quant SC
(Sacace Biotechnologies, Italy).

Real-time PCR quantification of hepatitis B virus using
SmartCycler Il

The serum HBV DNA was extracted with a SACACE
Ribo-Sorb kit, and real-time PCR was then performed
on a SmartCycler Il instrument (Cepheidmake) using
a SACACE HBV monitor kit. The amplification was
performed as follows: initial hot start denaturation at
95°C for 900 s, followed by 42 cycles of denaturation at
95 °C for 20 s, annealing and extension at 60 °C for 40 s.
The fluorescence was measured at the annealing stage
of each cycle. The quantification of sample was carried
out using the internal control co-efficient value and the
fluorescent values of both sample and internal control.

Plasmid control template and standard curve preparation

The pGEM-T easy vector (Promega make) was used

to clone the part of Human HBVX-gene. The recombinant
plasmid was propagated in Escherichia coliand purified.
The purified plasmid DNA was quantified at 260 nm using
a spectrophotometer. The quantified plasmid DNA was
used to derive a standard curve using dilution series 102,
104, 10%and 108.

TaqgMan primer and probe designing

Complete Human HBV DNA sequences (n = 944)
were selected from the National Centre for Biotechnology
Information (NCBI) nucleotide database, excluded in
complete and redundant sequences. Those sequences
lacking clear genotype information were genotyped by
using NCBJI’s viral genotyping tool. The sequences were
aligned using the K-Align software application tool from
European Molecular Biology Information (EMBI) and
a consensus nucleotide sequence was generated by
the Jalview application tool from EMBI. The consensus
sequence was imported into a word file and based on
this sequence primer and probe sets were designed
from most conserved sites including surface, core, and
x regions of HBV genome [Table 1].

DNA isolation and real-time quantification of hepatitis
B virus

HBV DNA was isolated using the silica-based
technology as mentioned by Boom et al.l'l from plasma
samples. The PCR was then performed on a SmartCycler
Il instrument (Cepheid) using primers and probes
described in Table 1. The PCR was run in a total volume
of 25 pl containing 12.5 pl of template, 11 pl of Premix

Table 1: Designed primer probe sets

Primer and Nucleotide sequence Region
probe.

Sense primer  5-TACTGTTGTTAGACGACGA-3' Core
Anti-sense 5'-TAACATTGAGATTCCCGAGAT-3' Core
primer

Probe 5'-FAM-AAGAACTCCCTCGCCTCGCA- Core

TAMRA-3'

Sense primer  5'-TTCCTCTTCATCCTGCTGCT-3' Surface
Anti-sense 5-TTAGAGGACAAACGGGCAAC-3' Surface
primer
Probe 5-FAM-TGCCTCATCTTCTTGTTGGTT-  Surface
TAMRA-3'
Sense primer  5-ACTCCCCGTCTGTGCCTTCT-3' X
Anti-sense 5-GATCTGGTGGGCGTTCAC-3' X
primer
Probe 5'-FAM- X
CCGGACCGTGTGCACTTCGCTT-
TAMRA-3'
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Ex-Taq (Takara), and 1.5 pl of primers and probe. The
amplification was performed as follows: initial hot start
denaturation at 95 °C for 10 s, followed by 45 cycles of
denaturation at 95 °C for 5 s ,annealing and extension
at 60 °C for 20 s. Real-time monitoring was achieved by
measuring the fluorescence at the end of the annealing
phase for each cycle. The quantitative analyses were
conducted by using SmartCycler Il analysis software
version 2.0 following the manufacturer’s instructions
(Cepheid).

Results

The standard calibration curve was generated by
using the SmartCycler Il software and serial dilution
102 to 108. The calibration curve was linear in a range
from 102 to 108 copies/ml [Figure 1], with an R 2 value
of 0.999. Reproducibility as measured by dual testing
of triplicates of three serum samples was acceptable,
with coefficients of variation at 6.5%, 7.5%, and 10.5%.
Good correlation was found between the current study
procedure and the standard SACACE HBV monitor test,
with all 110 samples included in the study.

To test the performance of our primers and probes
in real-time PCR, we used serial diluted sets of known
positives of HBV. Our results showed that amplification
performance was good in the case of primer and probe
set designed from the x region [Figure 2]. Therefore, we
constructed a plasmid with x region using the p-GEMT
easy vector for being used as a control for deriving the
standard curve.
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Figure 1: Standard curve originated using serial
dilutions

To develop a low cost method and cover all genotypes
and serotypes of human HBV, we designed a set of
primers and probes in this study. The total cost for
analyzing one sample is in and around 250 INR (Indian
rupee).

The precision of our in-house real-time assay was
determined by assessing the intra- and interassay
co-efficient of variation (CV). For interassay variability
10 samples included 8 positive HBV samples with
determined viral load and 2 negative samples were
screened triplicate in the same assay, which has given
a mean CV value of 0.084. Hundred and ten samples
previously tested by a SACACE HBV monitor test
was tested using our in-house real-time PCR assay.
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Figure 2: Quantification data: amplification fluorescence

plot for various samples using core (a), surface (b) and x
(c) oligo sets
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Correlation between the two assays was good, with an
R? value of 0.99.

Out of 100 negative samples screened by the ELISA
and standard RT-PCR kit, one sample was detected as
positive with the in-house developed RT-PCR assay, the
positivity of the sample was confirmed by sequencing
the amplified product, NCBI accession EU684022. To
avoid the possibility of contamination, this sample was
simultaneously processed twice using both standard and
in-house assays. Out of four oligo sets designed for HBV
detection by RT-PCR, the X gene set showed highest
specificity and sensitivity (98%) followed by the surface
(74%) and core (70%).

Discussion

We have established and evaluated a sensitive and
cost-effective in-house adaptable real-time PCR based
assay for effective quantification of Human HBV virus
in blood samples with a lower limit of detection of 50
copies/ml. This assay is reproducible showing limited
inter- and intra-assay variability and good amplification
efficacy in different HBV genotypes and serotypes. We
demonstrate that the results of our assay correlated well
with the standard kit available in a market for HBV viral
load prediction.

We also made the entire quantitative procedure in
a low cost and rapid manner, which will be helpful in
detecting HBV in patient’s blood in less time and accurate
manner. The sensitivity of the TagMan procedure for
quantifying viral DNA has already been proved by
various studies;?316181% however, they are being limited
by certain aspects such as limited samples, designing
of primer, and probes set from regions of unconserved
nature.

In this study, we made use of huge sequence database
from the NCBI site and analyzed the different regions of
HBV for predicting the most conserved regions using
latest software applications. Different genotypes and
serotypes were analyzed for targeting the conserved
segments from entire viral genome. In this study, we
have considered the sequences of nonclear genotype
information; genotypes of these sequences were
predicted by using the online NCBI viral genotyping tool.

Various HBV genotypes undergo rapid mutagenesis
because of their reverse-transcription (RT) lacks proof-
reading functions?*2and also during the therapy there
are certain regions being modified specifically as per the
drug used,*'¥ so there is a need for reliable quantification
tool for predicting the viral load in a specific and sensitive
manner. However, in this study we eliminated the drug
inducible mutation regions and variable regions for
selecting the conserved portion of viral genome.

TagMan chemistry application in this study can be
made applicable in certain commercial fluorescent
quantification instruments available in a market at a least
price in replacement with high cost real-time PCR. This
makes the assay more cost-effective for quantifying the
viral load.
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