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Abstract
Hepatitis B virus (HBV) is one of the important global 
health problems today. Infection with HBV can lead 
to a variety of clinical manifestations including severe 
hepatic complications like liver cirrhosis and hepatocel-
lular carcinoma. Presently, routine HBV screening and 
diagnosis is primarily based on the immuno-detection 
of HBV surface antigen (HBsAg). However, identifi-
cation of HBV DNA positive cases, who do not have 
detectable HBsAg has greatly encouraged the use of 
nucleic acid amplification based assays, that are highly 
sensitive, specific and are to some extent tolerant to 
sequence variation. In the last few years, the field of 
HBV molecular diagnostics has evolved rapidly with 
advancements in the molecular biology tools, such as 
polymerase chain reaction (PCR) and real-time PCR. 
Recently, apart of PCR based amplification methods, 
a number of isothermal amplification assays, such as 
loop mediated isothermal amplification, transcription 
mediated amplification, ligase chain reaction, and roll-
ing circle amplification have been utilized for HBV diag-

nosis. These assays also offer options for real time de-
tection and integration into biosensing devices. In this 
manuscript, we review the molecular technologies that 
are presently available for HBV diagnostics, with special 
emphasis on isothermal amplification based technolo-
gies. We have also included the recent trends in the 
development of biosensors and use of next generation 
sequencing technologies for HBV.
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Core tip: In the past decades, introduction of molecular 
biology tools such as polymerase chain reaction (PCR) 
has entirely revolutionized the field of hepatitis B virus 
(HBV) diagnosis by allowing sensitive and specific de-
tection of the virus in body fluids. In the recent years 
a number of isothermal nucleic acid amplification have 
also evolved, that provide certain advantages over PCR. 
These isothermal amplification techniques are compar-
atively sensitive, specific, require less instrumentation 
and automation. This manuscript reviews the advantag-
es/disadvantages of prevailing isothermal technologies 
to serve as an assay selection guide for the readers, 
working in the field of HBV molecular diagnostics. 
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INTRODUCTION
Hepatitis B virus (HBV) infection is amongst the most 
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important global health problems today. According to 
estimates, approximately 2 billion people worldwide have 
serologic evidence of  past or present HBV infection, 
of  which 350-400 million people are chronic carriers of  
HBV[1,2]. Although a highly immunogenic and effective 
vaccine against HBV is available, but its cost has preclud-
ed its use for mass vaccination in less developed nations 
where HBV is highly endemic. As a result, approximately, 
10-30 million people get infected with HBV each year, 
and estimated 1 million people die annually due to HBV 
related complications[3]. Worldwide, chronic HBV infec-
tion is responsible for 80% of  all primary hepatocellular 
carcinoma (HCC), which positions HBV infection as 
the 10th leading cause of  death and HCC as the 5th most 
frequent cancer[1]. HBV is primarily transmitted through 
infective blood and other body fluids, and is almost 100 
times more infective than the human immunodeficiency 
virus (HIV)[1].

DIAGNOSIS OF HBV
Specific diagnostic methods are required to discriminate 
HBV infection from other hepatitis causing pathogens; 
hence, clinical tests are essential. Diagnosis of  HBV is 
primarily based on detection of  HBV antigens [e.g., HBV 
surface antigen (HBsAg), hepatitis B e antigen (HBeAg)], 
human antibodies against these antigens (anti-hepatitis 
B surface antigen, hepatitis B core antibody etc.) and also 
the presence of  viral nucleic acids (HBV DNA), primar-
ily in blood, followed by liver and in other extra hepatic 
sites, in certain circumstances. Based on the presence or 
absence of  a combination of  antigens/antibodies, acute/
chronic, ongoing/past infections with HBV could be 
distinguished[4]. Among the different markers, laboratory 
diagnosis of  HBV infection is, to a great extent, based 
on the immune-detection of  the HBsAg, ever since the 
discovery of  the virus[3]. However the issue of  HBsAg 
non detection due to diagnostic-escape mutations in the 
epitopes or due to low antigen levels has greatly empha-
sized the importance of  using robust molecular biology 
tools for efficient detection of  HBV. Nevertheless, the 
advancement of  molecular based assays has also greatly 
augmented the field of  molecular diagnostics of  HBV[5,6]. 
Molecular methods include thermal cycling based tech-
niques for amplification of  HBV DNA, such as poly-
merase chain reaction (PCR), qPCR or isothermal am-
plification based methods such as nucleic acid sequence 
based amplification (NASBA), transcription mediated 
amplification (TMA), loop mediated isothermal amplifi-
cation (LAMP), rolling circle amplification (RCA) etc. 

Every detection method has its own advantages and 
disadvantages, which promote or restrict their use in clini-
cal settings. The main purpose of  this review is to discuss 
the contemporary molecular methods or those having 
significant future potential in molecular diagnostics of  
HBV. Since a number of  reviews have been published on 
sero-diagnostics based approaches, we have kept this re-
view focused on nucleic acid detection based techniques, 

with emphasis on isothermal nucleic acid amplification 
based methods. 

NUCLEIC ACID BASED DETECTION 
ASSAYS FOR HBV DNA
Since the last decade, with the increased findings of  
groups of  serologically negative HBV infections [HBeAg 
negative chronic hepatitis B (CHB), occult HBV Infec-
tion etc.] and rapid emergence of  diagnostic escape mu-
tants, nucleic acid based HBV DNA assays have gained 
importance in clinical settings. With the technological 
advancement and reduction in cost, nucleic acid based 
methods have become supplementary or alternative to 
the sero-diagnostic assays. Moreover, nucleic acid based 
methods have allowed more accurate quantification of  
HBV DNA levels in the patients, crucial for assessment 
of  replicative stage and efficacy of  antiviral treatment[4]. 

Initially there was a dilemma regarding the levels of  
serum HBV DNA for recommending patients for anti-
viral therapy or to assess the efficacy of  therapeutic re-
sponse. To address this issue, an arbitrary value of  20000 
IU/mL was recommended as a cut-off  at the 2000 NIH 
conference as a diagnostic criterion for CHB[7]. However, 
later it was found that serum HBV DNA levels may 
fluctuate widely among the CHB patients and low HBV 
DNA is also a predictive factor of  severe liver diseases 
such as LC and HCC[4,8]. It is now recognized that lower 
HBV DNA levels (approximately 3-5 log10 IU/mL) may 
also be associated with liver disease progression and ne-
cessitate treatment[4]. Hence, highly sensitive HBV DNA 
detection methods are essential and serial monitoring 
of  HBV DNA levels is important than a single point 
arbitrary cut-off  value for prognostic and diagnostic 
purposes[9]. To make HBV DNA assays highly sensitive, 
a large number of  techniques have been developed us-
ing different molecular biology tools. Broadly, assays for 
detection of  HBV nucleic acids can be divided into two 
categories: (1) Direct detection assays, utilizing probes 
to hybridize directly to the HBV DNA. These assays are 
relatively simple, requirement of  sophisticated instru-
ments is less but they lack sensitivity. The detection limit 
of  direct assays is typically 103-105 templates. Sensitivity 
may be increased by adopting different methods of  signal 
amplification; and (2) Indirect detection involves an in vi-
tro amplification step to increase the amount of  the target 
sequence, followed by detection of  the amplified target. 
This format of  detection is highly sensitive and can even 
detect as low as 1-10 templates in a reaction. However, 
amplification based assays need technical expertise and 
sophisticated instrumentation. A number of  in vitro target 
nucleic acid amplification methods have evolved in the 
last three decades. Although, PCR based detection assays 
are the most widely practiced procedure, other techniques 
such as LAMP, NASBA, TMA, RCA etc. have also been 
employed for HBV DNA detection and quantification. 
A common problem with the amplification based tech-
niques is the issue of  contamination or false positive re-
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sults. However, this may be avoided by adopting specific 
precautions and use of  proper controls in the assays[10,11]. 

POLYMERASE CHAIN REACTION BASED 
STRATEGIES
Polymerase chain reaction (PCR), developed by Mul-
lis et al[12] is the amplification technique that has entirely 
transformed the fields of  biological research as well as 
clinical diagnostics[13]. Subsequent to the discovery of  
PCR, identification and availability of  thermostable Taq 
polymerases and reverse transcriptase enzymes have en-
abled scientists and researchers to adapt and modify the 
basic PCR technology for automated amplification and 
detection of  DNA and RNA. Furthermore, with the de-
velopment of  fluorescence based real-time amplification 
detection methods, simultaneous detection and quantifi-
cation have become possible in clinical environments[14]. 
Theoretically, PCR reactions are capable of  exponentially 
amplifying single copy target DNA, and are thus highly 
sensitive. A number of  modifications have been done on 
the basic PCR to detect several nucleic acid sequences 
simultaneously in a multiplex PCR or by making the 
technique more sensitive and specific by second round 
of  amplification with “nested” primers, or the amplifica-
tion of  divergent but related sequences using degenerate 
primers.

For HBV diagnosis through PCR, covalently closed 
circular DNA of  HBV (cccDNA) level monitoring in 
the hepatocytes is the most precise way of  assessing the 
number of  infected hepatocytes, but it requires invasive 
procedures and thus are not part of  routine diagnostics. 
However, quantitation of  HBV DNA in the serum pro-
vides an alternative to cccDNA detection, through less 
invasive method. According to the recommendations of  
the Taormina Group[15], detection of  very low levels of  
HBV DNA should be done with highly sensitive PCR us-
ing primers specific for highly conserved sequences (gen-
otype independent) of  different HBV genomic regions. 
It has been observed that sensitivity of  the HBV DNA 
detection by PCR may vary across different genetic re-
gions of  the HBV genome[16,17]. Interestingly, it has been 
reported that the S gene PCR is most sensitive for HBV 
DNA detection in serum, while X gene PCR is more sen-
sitive for HBV DNA in liver tissues[18]. 

Most PCR based methods of  HBV DNA detection 
for clinical purposes have a sensitivity of  50-200 IU/mL 
with dynamic range of  4-5 log10 IU/mL[19]. In compari-
son, RTD PCR based assays have higher sensitivity (5-10 
IU/mL) with a wider dynamic range 8-9 log10 IU/mL[20]. 
A large number of  laboratories have developed highly 
sensitive “in-house” PCR and RTD PCR based methods, 
which exhibit remarkable sensitivity and reproducibility 
as well[21]. Previously there was a problem regarding the 
use of  units for expression of  HBV DNA levels (copies/
genome equivalent/IU per mL) and standardization of  
quantitative assays. This issue has also been addressed by 
an international effort to establish a WHO international 

standard for HBV DNA (NAT) assays[22]. The standard 
comprises a dilution of  the Eurohep reference R1 (geno-
type A2, subgenotype Ae/A2, HBsAg subtype adw2) in 
anti-HIV-1; anti-HCV; HCV RNA, syphilis and HBV-
negative pooled human plasma and has been calibrated in 
IU[23,24]. 

Apart from standard PCR and RTD PCR, a number 
of  modified PCR methods have been widely employed 
in HBV diagnostics[25]. PCR-restriction fragment length 
polymorphism (RFLP) methods have been developed 
for HBV genotyping and mutation detection[26,27]. These 
PCR-RFLP techniques are simple, rapid and are suitable 
for large number of  samples. However, due to single 
round PCR, these assays lack sensitivity required for typ-
ing of  samples with low HBV DNA levels. To overcome 
this problem, nested PCR based genotyping methods 
were developed. Naito et al[28] developed a nested multi-
plex PCR method for the detection and genotyping of  
HBV genotypes A-F, using type specific primers in the 
second round of  amplification. This method was further 
modified by Kirschberg et al[29], where genotypes A-F 
could be detected in a single PCR. Another multiplex 
PCR based assay was developed for HBV genotyping 
by a single PCR, that also allowed subgeno typing of  
genotypes B and C in an additional PCR reaction[30]. As 
compared to the RFLP methods, multiplex PCR is more 
sensitive, accurate and also capable of  detecting minor 
population of  mix genotypes[25]. However, developing an 
efficient multiplex PCR requires complex modeling and 
laborious standardization with respect to primer design, 
primer-template ratios, fragment lengths, PCR buffer 
composition and thermal cycling conditions[31].

In addition to increase in sensitivity, development of  
RTD PCR techniques have also solved the problem of  
contamination to large extent, by obviating the require-
ment for post-PCR manipulations, and also permitted 
very high throughput capabilities. The advancement in 
optical instrumentation and use of  different fluorophore 
chemistries has further allowed multiplexing for detec-
tion of  multiple targets simultaneously. RTD PCR is a 
kinetics-based quantitative PCR technique, where the 
quantity of  synthesized DNA is calculated at each cycle 
throughout the PCR process[32]. RTD PCR has been 
extensively used in rcHBV DNA detection, cccDNA 
detection, quantitation, HBV genotyping as well as muta-
tion screening[33-36]. The main disadvantage of  RTD PCR 
genotyping method is that methods involving multiplex 
RTD PCR require extensive standardization, while meth-
ods involving non-specific DNA binding dyes (such as 
SYBR green) are not specific enough for exact distinction 
of  the genotypes, based on melting temperatures of  the 
amplicons. 

LIGASE CHAIN REACTION 
Ligase chain reaction (LCR) was originally developed by 
the Abbott Laboratories to amplify shorter DNA tar-
gets and is also known as ligase-mediated amplification 
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light. Moreover, LAMP may also be used for RNA tem-
plates as well as it may also be integrated with real time 
turbidity detection for quantification[49]. In comparison to 
PCR, LAMP is reported to be a robust technique, being 
less vulnerable to inhibitors, generally present in clinical 
samples. Thus very less sample preparation is required 
for LAMP. Successful LAMP requires perfectly designed 
primers, which have been referred to as a reason for its 
less application in practice[45]. Nevertheless, a web-based 
software is available for designing LAMP primers (http://
primerexplorer.jp/) and the method is now being increas-
ingly adapted for detection of  different pathogens. 

Incidentally, the original paper on LAMP used HBV 
DNA extracted from HBV-positive serum, as template[47]. 
It was demonstrated that using cloned HBV DNA as a 
template, 600 and 6000 copies of  DNA were detected 
at 13 and 11 min, respectively, reflecting a very high ef-
ficiency of  the LAMP method. However, since then, 
only a few papers reported using this technique for HBV 
detection. Recently Cai et al[50] developed and evaluated a 
highly sensitive real-time fluorogenic (RtF-LAMP) proto-
col to quantitate HBV DNA. They documented a lower 
detection limit of  48 IU/mL, dynamic range of  8 orders 
of  magnitude, low intra-assay and inter-assay variability 
(4.24%-12.11%) and excellent correlation between RtF-
LAMP and real-time PCR (r2 = 0.96). Similar highly sensi-
tive LAMP assays were reported by other research groups 
also[51,52]. More recently LAMP has been employed in de-
veloping biosensors for on-site detection of  the HBV[53], 
showing the immense potential of  this technique for fu-
ture diagnostic devices.

NASBA
NASBA was originally developed by Organon Teknika. 
Similar to LAMP, it is also an isothermal process and 
is particularly suited to the detection of  RNA viruses. 
However this can be used for amplification of  DNA 
templates with certain modifications in the basic method. 
The amplification process utilizes a modified primer in-
cluding the T7 promoter sequence, which forms a modi-
fied cDNA after hybridizing with the template. This is 
subsequently amplified into ssRNA amplicons in a pro-
cess catalyzed by T7 RNA polymerase (T7 RNA Pol)[45,54]. 
Since its development, NASBA has been broadly used in 
the detection of  a variety of  targets through quantitative 
real-time assays[45]. 

In the field of  HBV diagnostics, NASBA has been 
used since 2001 by Yates et al[55]. They reported a wide 
detection range of  103 to 109 copies/mL of  HBV DNA, 
with good reproducibility and precision when NASBA 
was used with real-time detection with molecular beacon 
technology. Recently, Deiman et al[56] reported the am-
plification of  HBV DNA by NASBA and found it to be 
capable of  detecting even 10 IU/mL with a dynamic de-
tection range of  102 to 109 IU/mL. Like LAMP, incorpo-
ration of  NASBA with molecular beacon detection onto 
lab-on-a-chip systems, pathogen capture devices and 

or oligonucleotide ligation assay[37,38]. LCR uses a DNA 
polymerase enzyme and a DNA ligase enzyme to drive 
the reaction. LCR uses the ligase to join two same-strand 
targeting oligonucleotides, which are designed to hybrid-
ize at adjacent positions of  the template nucleic acid. 
When the target sequence is present in the reaction mix, 
oligonucleotides correctly hybridize to adjacent sequences 
of  the target sequence and the gap between the oligo-
nucleotides is ligated by a DNA ligase and a continuous 
fragment is generated. This ligation product then serves 
as a template for a PCR like reaction resulting in amplifi-
cation of  the target nucleic acid molecule[39]. A modified 
reaction, known as the gap-LCR was developed later, 
that allowed amplification of  longer DNA stretches by 
inclusion of  a polymerase extension[40]. Like other target 
amplification techniques, LCR can also be integrated into 
real time detection or can be used for multiplexing. 

LCR has been utilized for detection of  HBV S gene 
and PreC mutations[41-43]. Although the limit of  detection 
for LCR alone was found to be very high for detection or 
precore mutations[43], LCR has been reported to be useful 
for semi-quantitative detection of  HBV[44]. Like TMA, 
LCR has also been less utilized in the field of  HBV diag-
nostics. 

ISOTHERMAL AMPLIFICATION 
STRATEGIES
As opposed to the requirement of  thermal cycling of  
different temperatures, isothermal amplification based 
methods are designed to take place at a uniform tempera-
ture. In these amplification strategies, strand displacing 
polymerases/specially designed primers/chemicals are 
used, that displace two strands of  the dsDNA during 
primer extension. Till date a number of  isothermal am-
plification strategies have been described in the literature, 
but these technologies have started gaining importance 
only recently due to their potential for application in 
field conditions, at point of  care (POC) or in biosensing 
devices. Detailed mechanism of  these techniques have al-
ready been reviewed elsewhere[45,46]. Here we will discuss 
only those isothermal amplification techniques that have 
been used for HBV DNA detection or have significant 
potential for application in this field. 

LAMP
LAMP (developed at Eiken Chemical Co. Ltd, Japan) is a 
fast amplification method that amplifies DNA with high 
specificity, efficiency using a strand displacing Bst DNA 
polymerase and a set of  four to six specially designed 
primers, two of  which are designed to form loop for self  
priming[47,48]. This is a one-step amplification reaction, 
which takes place at 58-65 ℃ for 30-60 min and results 
in synthesis of  a large amount of  DNA (more than 500 
µg/mL). This technique also allows simple detection ei-
ther by agarose gel electrophoresis, visual inspection of  
turbidity or by visualizing fluorescence under ultraviolet 
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microfluidic devices have been attempted, that show high 
sensitivity even in microliter and nanoliter reaction vol-
umes[57,58]. This robust technology also has great potential 
for application in future detection devices.

ROLLING CIRCLE AMPLIFICATION 
The rolling circle amplification (RCA) model of  isother-
mal amplification (developed by Molecular Staging Inc.) 
imitates natural replication strategy of  circular DNA 
molecules[59,60]. This powerful technique utilizes the strand 
displacement activity of  the highly processive Phi29 bac-
teriophage DNA polymerase (φ29 DNA polymerase), 
acting on circular DNA molecules at low temperature 
(30-60 ℃). RCA reaction is initiated by annealing of  
primers to the circular ssDNA, followed by elongation 
of  the new strand upto the point of  initiation, displacing 
the strand and continuing again and again. This repeated 
elongation due to strand displacement, generates a con-
tinuous catenated ssDNA even upto 109 folds[46]. RCA 
has been integrated with various detection strategies and 
employed for pathogen detection[45]. Apart from the orig-
inal RCA, a number of  variants of  RCA amplification 
have been developed that can amplify as low as 10 copies 
to a detectable amount within 30-90 min. A major advan-
tage of  RCA is that it is resistant to inhibitors present in 
clinical samples and requires little or no assay optimiza-
tion. Moreover, RCA can amplify targets in solution or 
on solid support, offering opportunity for biosensor and 
microarray applications[61]. 

The requirement for a circular template for RCA 
makes it ideal for detection of  HBV DNA especially the 
cccDNA of  HBV in the hepatocytes. RCA has been used 
for amplification of  rcDNA (with some enzymatic modi-
fication) as well as for direct amplification of  cccDNA. 
Margeridon et al[62] used RCA for amplification of  full 
genome of  HBV DNA with low viral loads, from sera as 
well as from liver. They could amplify as low as 13 cop-
ies of  cccDNA from liver biopsy samples. Martel et al[63] 
developed a RCA based method for complete genome 
amplification of  HBV rcDNA from sera, with viral loads 
ranging from 103 IU/mL to 108 IU/mL. Recently, RCA 
has been used in combination with quartz crystal micro-
balance biosensor for direct detection of  HBV DNA in 
clinical samples, which could detect as low as 104 copies/
mL of  HBV DNA[64]. 

TRANSCRIPTION MEDIATED 
AMPLIFICATION 
Transcription mediated amplification (TMA reaction) 
(developed by GenProbe Inc.) is an isothermal amp
lification method that produces single-stranded RNA 
amplicons from RNA target molecules. TMA uses a re-
verse transcriptase that converts the template RNA into 
a cDNA, which in turn is converted by an RNA poly-
merase into numerous copies of  RNA that are detected 
with fluorescent or chemiluminescent probes. TMA 

produces amplicon RNA exponentially since the newly 
produced RNAs repeatedly undergo TMA in the subse-
quent stage of  amplification. The amplicons generated 
in this process may also be detected in real time, using 
fluorescent tagged probes. TMA produces 100-1000 cop-
ies per cycle (RNA) rather than the two copies per cycle 
produced by PCR (DNA)[65].

Although TMA has been used by different labora-
tories for sensitive detection and quantification of  dif-
ferent pathogens, it has been used much less for HBV. 
Kamisango et al[66] developed a transcription-mediated 
amplification and hybridization protection assay, which 
could detect 5 × 103 to 5 × 108 genome equivalents 
(GE)/mL of  HBV. Ide et al[67] used TMA for monitoring 
changes in the HBV DNA level during the treatment of  
CHB patients with lamivudine. Kubo et al[68] utilized this 
technique to measure HBV DNA among patients who 
underwent HCC resection. Overall TMA is a highly sensi-
tive technology, with multiplexing possibilities and being 
isothermal reaction, it is well suited for routine clinical 
applications in laboratories with basic molecular biology 
facilities.

STRAND DISPLACEMENT 
AMPLIFICATION 
Strand displacement amplification (SDA) (developed by 
Becton Dickinson and Company) is a form of  isothermal 
nucleic acid amplification technique which was first de-
scribed by Walker et al[69,70]. It utilizes restriction enzyme 
cleavage of  the DNA template for strand displacement. 
SDA use two pairs of  specially designed primers for tem-
plate recognition. The inner pair is also designed to con-
tain a restriction enzyme motif. Initially, template DNA is 
denatured by heating at 95 ℃, to which the primer pairs 
anneal and extend with the help of  Escherichia coli DNA 
polymerase 1 (exo-Klenow), incorporating the restriction 
target into the new amplicons. The outer primers in turn 
displace the strands synthesized by the inner primers. 
Similarly, consecutive rounds of  primer binding and ex-
tension generates DNA duplex incorporating restriction 
sites, upon which restriction enzyme acts and nicks one 
of  the newly formed strands. This nick allows the DNA 
polymerase to displace the existing strand and extension 
of  the nick to add in a new amplicon. This repetition of  
nick and run scheme results in exponential amplification. 

The main advantage of  SDA is its simplicity and 
requirement of  user intervention only for initial heat de-
naturation and addition of  enzymes (DNA polymerase 
and restriction enzyme). In a single reaction, SDA can 
produce 109 copies of  target DNA in less than an hour. 
These features make SDA suitable for point-of  care ap-
plications. However, since SDA is performed at low non-
stringent temperatures, generation of  high background 
signals with clinical samples (due to the abundance of  
human genetic material) restrict the use of  SDA in diag-
nostic applications. Although, SDA has been used in a 
commercially available tuberculosis diagnostic assay[71], its 
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use in commercial or lab-brew HBV diagnostics is almost 
negligible.

THERMOPHILIC HELICASE-DEPENDENT 
ISOTHERMAL AMPLIFICATION 
Thermophilic helicase dependent amplification (tHDA) 
(developed by Biohelix Corporation) is an isothermal 
nucleic acid amplification method that imitates the cellu-
lar replication fork mechanism. tHDA utilizes the DNA 
strand unwinding potential of  thermophilic helicase in 
the presence of  adenosine tri phosphate (ATP) to substi-
tute the thermal denaturing[72]. In this reaction, helicase 
unwinds DNA strands and keeps them denatured with 
the help of  single-strand binding proteins and accessory 
proteins. Subsequently, two sequence specific primers an-
neal to each of  the single stranded DNA templates and 
are extended by the DNA polymerases (exonuclease defi-
cient) to produce a double stranded DNA. The process is 
repeated at a single temperature to produce amplicons in 
exponential manner. 

As compared to other isothermal amplification tech-
niques, HDA has certain advantages. tHDA has enor-
mous potential in diagnostics due to its extremely simple 
format, does not require initial high temperature for 
denaturing DNA strands, has high speed (approximately 
100 bp/s) and high processivity (approximately 10 kb/
binding)[73]. Although, these properties of  tHDA offer 
prospective for the development of  simple DNA diag-
nostic assays, but like SDA, this technology has been very 
less used in HBV diagnostics.

NEXT GENERATION SEQUENCING 
Gene sequencing has always been a gold standard, espe-
cially in viral diagnostic setting. Sequencing and computa-
tional tools have allowed identification and confirmation 
of  HBV mutants/variants, genotypes, subgenotypes etc, 
which has helped enormously in patient management, 
in drug resistance testing, and for the epidemiological 
analysis of  disease outbreaks[33]. Initially, two DNA se-
quencing technologies were available (1) Sanger sequenc-
ing (DNA sequencing with chain terminating inhibitors); 
and (2) Maxam-Gilbert sequencing (chemical cleavage 
technique). Of  them, the Sanger method for its simplicity 
became popular and remained a standard for more than 
three decades. 

Nevertheless, in the past decade, the field of  sequenc-
ing technology has been entirely revolutionized by the in-
troduction and development of  advanced chemistries for 
nucleotide sequencing, such as sequencing-by-synthesis 
chemistry coupled with enzymatic luminometric inor-
ganic pyrophosphate detection assay[74,75] which ultimately 
led to the evolution of  the pyrosequencing technology. 
Pyrosequencing was further developed into an array-
based massively parallel microfluidic-sequencing platform 
for extremely high throughput sequencing[76]. Alongside 
the pyrosequencing technology, alternate technologies 

have also evolved, such as clonal bridge amplification and 
sequencing-by-ligation technologies, which have allowed 
simultaneous sequencing of  millions of  templates. These 
technologies are known as Next Generation sequenc-
ing technologies and the present parallel sequencing 
platforms can produce several Giga bases (Gb) of  high 
quality sequence data in a single run. However, handling 
and analysis of  such huge sequence data require very 
high level computational instrumentation and complex 
pipeline of  softwares. These technologies have permit-
ted whole genome sequencing, ultra-deep sequencing, 
amplification and identification of  previously unknown 
microbes (no prior sequence information is required for 
sequencing of  unknown genomes) and also the analyses 
of  viral quasispecies populations within very short time. 

Although these next generation sequencing technolo-
gies are still expensive to be used for clinical virology 
diagnostics, but they have already proven their power and 
significance in clinical research[77]. These are gradually re-
placing Sanger sequencing, by allowing direct sequencing 
of  the mixed virus population and even quantifying the 
relative abundance of  certain mutations with extremely 
high coverage within a short time frame. In a recent 
study, Margeridon-Thermet et al[78] performed ultra-deep 
pyrosequencing of  hepatitis B virus quasispecies from 
nucleoside and nucleotide reverse-transcriptase inhibitor 
(NRTI)-treated patients and NRTI-naive patients and de-
tected coinfection and recombination among two differ-
ent HBV genotypes in some of  the patients. In another 
recent study, ultradeep sequencing was used to examine 
the diversity between intrahepatic HBV strains and those 
circulating in the serum[79]. Interestingly drug-resistant 
HBV variants were identified in treatment naive patients, 
suggestive of  natural existence of  HBV variants in pa-
tients, a finding that clearly supports Darwinian theory 
of  evolution in emergence of  HBV drug resistance vari-
ants and has significant implications HBV management. 
Very recently, this powerful technique has been used for 
analysis of  HBV reverse transcriptase quasispecies het-
erogeneity, to identify host genes that are frequent sites 
of  HBV integration and to study the effects of  HBV 
integration into the genomes of  HCC patients[80-82]. In-
creasing number of  studies, based on these technologies 
is being published rapidly; those are uncovering or may in 
future reveal more interesting facts about HBV.

BIOSENSORS, MICROARRAY AND 
MICROFLUIDIC DEVICES 
In the recent years, development of  biosensors has 
gained vast momentum due to their wide application in 
the fields of  clinical diagnostics, public health and even 
for military purposes. Newman et al[83] defined biosensor 
as: “a compact analytical device incorporating a biological 
or biologically-derived sensing element either integrated 
within or intimately associated with a physicochemi-
cal transducer”. Earlier biosensors especially integrated 
enzymes with transducers that convert the biological 

14620 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

Datta S et al . Advances in HBV molecular diagnostics



reaction into a measurable electrical or electronic signal. 
Later, biosensors utilized other biological materials, such 
as antibodies, receptors and more recently nucleic acids. 
Presently, most of  the biosensors being developed uti-
lize affinity interaction (antigen-antibody or receptor-
ligand interaction) or nucleic acid hybridization based 
interaction for generating biological responses. Although 
antigen-antibody or receptor-ligand based biosensors are 
faster, biosensors that utilize nucleic acid or signal ampli-
fication based technologies are more specific and sensi-
tive[84,85]. Currently available biosensors technologies and 
applications have been reviewed in details elsewhere[45,86]. 
As with other viruses, a number of  biosensors based on 
different principles have been developed recently for the 
detection of  HBV DNA, or its antigens or anti-HBV 
human antibodies[87-89]. Assembly of  numerous (up to a 
few thousand) DNA biosensors onto the same detection 
platform results in DNA microarrays (or DNA chips), 
devices that are increasingly used for large-scale tran-
scriptional profiling and single-nucleotide polymorphism 
discovery. Microarray based diagnostic systems have been 
developed for HBV detection, genotyping and detection 
of  mutants[90,91]. However such systems are time consum-
ing and require sensitive instrumentation for detection, 
limiting their application for clinical diagnostics. 

Apart from biosensors and microarrays, microfluidic 
devices are being developed since 1990, which are also 
known as “lab-on-chip” capable of  sample and reagent 
processing as rapid micro total analysis system[92]. Revo-
lutionary advancement of  micro-electro-mechanical 
systems has made fabrication of  microchambers/micro-
channels possible, leading to miniaturization of  reaction 
chambers, significantly decreasing assay time, reagent 

volume and sample use[93,94]. High-speed PCR performed 
on microfluidic devices have been shown to be extremely 
rapid, capable of  amplifying upto 500 bp fragments in 
just 1.7 min and 997 bp in only 3.2 min[95]. NASBA based 
pathogen detection microfluidic devices have also been 
developed[96]. Recently, microfluidic devices have been 
used for study of  HBV detection, replication and geno-
typing[97-99].

CONCLUSION
Molecular diagnostic methods have evolved dramatically 
over the past decades. Among these, nucleic acid based 
methods have better sensitivity, and specificity; however, 
these are comparatively expensive and are mostly con-
fined to research laboratories. Nevertheless, there is a 
huge potential for their application in clinical diagnostics, 
military and other settings where faster and accurate de-
tection is required at the POC. Though many sensitive 
nucleic acid amplification based technologies have been 
developed in the last few decades, but none of  them have 
become so popular, as PCR. Despite being highly sensi-
tive, isothermal amplification techniques have remained 
less-utilized for developing detection assays, especially 
HBV. Although some kits based on isothermal amplifica-
tion methods (e.g., TMA, LAMP, NASBA, SDA etc.) are 
available for other viruses (HSV, HPV, HIV etc.) but most 
of  the commercially available kits for HBV detection and 
quantitation are primarily based on PCR. 

As evident from the ongoing discussion, a number of  
isothermal amplification methods have prospective to be 
used for HBV diagnostics. A comparison of  these impor-
tant techniques has been put into Table 1, for ready ref-
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Table 1  Comparison between different nucleic acid amplification technologies

Method Template 
requirement

Sensitivity/
specificity

Enzyme(s) required Temperature 
requirement

Primers/
primer design

Multiplex
possibility

Rapid 
detection 
possibility

Time to 
detect in 

(min)

Sensitive to 
biological 
inhibitors

PCR dsDNA1, 
RNA

About 1-10 copies/
Very high

DNA polymerase 95 ℃ →55-60 ℃ →
68-72 ℃ (Cyclic)

≥ 2/
simple

Yes Yes2 About 
40-120 

Yes

LCR DNA1 About 1-10 copies/
Very high

DNA ligase and 
DNA polymerase

94 ℃ →65 ℃
(Cyclic)

4/
simple

Yes Yes2 About 
100-180 

Yes

LAMP ssDNA1, 
RNA

About 5 copies/
Very high

Bst DNA 
polymerase

60-65 ℃
(Isothermal)

4-6/
complex

N/A Yes2,3,4 About 60-90 Less

NASBA RNA1, DNA About 1 copy/
Very high

Reverse transcripta-
se, T7 RNA polyme-

rase, RNAse H

37-41 ℃
(Isothermal)

2/
simple

Yes Yes2,4 About 
60-120 

Yes

RCA Circular 
ssDNA1

About 10 copies/
high

φ29 DNA 
polymerase

30-65 ℃
(Isothermal)

1/
simple

N/A Yes2 About 60-90 Less

TMA RNA1, DNA About 1-10 copies/
high

Reverse 
transcriptase, RNA 

polymerase

50-60 ℃
(Isothermal)

2/
simple

Yes Yes2 About 
120-140 

Yes

SDA ssDNA1, 
RNA,

About 10 copies/
low

Bst DNA 
polymerase or exo-

Klenow Fragment

95 ℃ →37 ℃
(Isothermal)

4/
complex

Yes Yes2,4 About 
90-120 

Yes

tHDA dsDNA1 About 1-10 copies/
Very high

Helicase, DNA 
polymerase

60-65 ℃
(Isothermal)

2/
simple

Yes Yes2,4 About 75-90 Less

1Preferred template; 2Real time detection of fluorescence; 3Real time detection of turbidity; 4Nucleic acid lateral flow. PCR: Polymerase chain reaction; 
LCR: Ligase chain reaction; LAMP: Loop mediated isothermal amplification; NASBA: Nucleic acid sequence based amplification; RCA: Rolling circle 
amplification; TMA: Transcription mediated amplification; SDA: Strand displacement amplification; tHDA: Thermophilic helicase dependent amplification. 
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erence. Among these techniques, LAMP, NASBA, RCA 
and tHDA are good candidates for the purpose, although 
with certain advantages and disadvantages. NASBA is a 
very sensitive technique, but the use of  three different 
enzymes may be economically prohibitive for certain 
laboratories. Similarly, the requirement of  circular DNA 
as a template restricts the use of  RCA mostly for ampli-
fication of  cccDNA. LAMP and tHDA are reported to 
be tolerant to biological inhibitors, which are most often 
present in clinical preparation. This compatibility with 
clinical samples obviates the need of  highly pure tem-
plate preparations for these methods and is definitely an 
advantage for off-lab situations. Earlier primers design-
ing for LAMP were complex, but at present softwares 
are available, that can easily work out primers. In com-
parison, among the isothermal amplification techniques, 
tHDA is a fast and simple reaction, require simple primer 
sets, highly sensitive assay that also supports multiplex 
and real time detection formats. In addition, most of  the 
isothermal amplification techniques require simple ther-
mal conditions for amplification, support different rapid 
detection formats and thus could be easily integrated for 
biosensor applications. Taken together, there is a range 
of  amplification techniques available, which could be se-
lected and further evaluated for their wide application in 
the field of  HBV molecular diagnostics. 

Ironically, even after decades of  discovery of  HBV 
and availability of  a highly effective vaccine, HBV is 
transmitted to 10-30 million naive people, of  which more 
than 1 million die worldwide each year. Notably, majority 
of  the HBV transmissions and deaths related to it occur 
in less developed or poor countries, where HBV is highly 
endemic. Thus most important advancement required 
urgently in HBV diagnostics is to make available low cost 
sensitive assays in highly endemic countries, to contain 
the “man-hunt” of  this “silent killer”. 
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