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Abstract

This review (with 145 refs.) summarizes the progress made in the past years in the field of nanomaterial based rapid
detection of hepatitis viruses. Following an introduction into the field (with subsection on the significance of hepatitis
and on fundamentals of biosensors), conventional methods for detection of hepatitis are discussed, along with their
limitationss. The next section covers electrochemical sensors, with subsections on voltammetric, amperometric, poten-
tiometric, impedimetric and conductometric biosensors. A further large section covers optical methods, with subsections
on methods based on fluorescence, photometry, surface plasmon resonance, surface-enhanced Raman scattering and
chemiluminescence. A concluding section discusses current challenges and gives an outlook on potential future

developments.
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Hepatitis

Hepatitis can be noninfectious or infectious. The category can
be identified by a range of histological and clinical signs [1].
Enlargement of liver is one of the most prevalent symptoms of
hepatitis on physical analysis which is pursued by jaundice
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[1]. Hepatitis viruses include six type of viruses from A to E
and G, the target of each virus is liver and the major signs of
hepatitis are very close [2]. Approximately 1.4 million cases
of Hepatitis A virus (HAV) infection occur annually in the
world [3]. Mortality rate of chronic Hepatitis B virus (HBV),
liver and cirrhosis cancers due to infection with HBV has been
reported to be about one million individuals by the World
Health Organization (WHO) [4-8]. Every year, 3—4 million
of the world population is infected with hepatitis C virus
(HCV), approximately 3% [7, 9—13]. The severity of HEV
(Hepatitis E virus) death is very high in pregnant women,
and about 15 million people in the world are infected with
Hepatitis D virus (HDV) [14]. Hepatitis viruses are varied in
antigenic patterns, severity, type of genomic, chronicity and
transmission mode, etc. [15].

Early diagnosis is the most powerful method to limit the
spread of hepatitis viruses [16, 17]. Some noticeable at-
tempts have been made in order to improve the different
techniques for detection of targets derived from hepatitis
viruses involving: IgG and IgM for hepatitis A virus, HBV
DNA and all markers of serology (anti-HBe antibody, anti-
HBc antibodies [IgG and IgM], HBsAg and HBeAg) for
hepatitis B virus, HCV RNA and anti-HCV antibodies for
hepatitis C virus, HDV antigen and anti-HDV antibodies for
hepatitis D virus and HEV RNA and anti-HEV antibodies
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for hepatitis E virus [18, 19]. In general, a variety of labo-
ratory diagnostic methods for viral diseases are based on
cytology tests, electron microscopy, virus isolation and cul-
ture, identification of viral proteins through the use of en-
zymes and antibodies, identification of viral genomes, and
serology [14]. The versatile and general methods of detect-
ing pathogenic agents are related to immunoassay tech-
niques. The most traditional ones are ELISA [20] and RIA
which are applied for detection of hepatitis viruses [21]. The
most improved immunoassay methods are lateral flow im-
munoassay and immunochemiluminescent assay. Currently,
molecular techniques have been became inevitable imple-
ments for viral disease diagnosis with reliable and accurate
results [22, 23]. Identification of hepatitis viruses via broadly
used molecular techniques is based on amplification of
nucleic acid. Formats of strategies based on amplification
can be described in this way: signal, amplifications of probe
and target [24]. The serological-based immunoassays that
target the antibodies or antigens of virus were accurate and
selective, however, these techniques have some technical
limitations like not giving quantitative data and serological
results [6]. Nowadays, novel detection methods of hepatitis
are combined molecular and serological techniques with
high-tech tools based on chemistry, nanotechnology and
electronics sciences [25]. The technique which is newly used
for biological tasks is named biosensor that has attractive
features like being inexpensive, sensitive, reproducible, rapid
and specific and also does not need any sample preparation
in comparison with traditional strategies [26]. Hence, the
purpose of this review is to bring up to date information
and introduce the improved different types of biosensors
applied for diagnosis of hepatitis viruses. In this article we
have displayed a snapshot of the latest improvements in the
bio and nano-sensors field and an overview of strategies for
amplifying signals based on application of nanomaterials as
well as describing a comparison about different hepatitis
detection techniques and their limitations.

Conventional methods for viral hepatitis
detection

A variety of different laboratory techniques including tradi-
tional and modern technologies are being employed for detec-
tion hepatitis viruses. Some of these methods that can be men-
tioned are immunoassay techniques, molecular methods as
well as biosensors. Each detection method has its special ben-
efits and limitations. The most prevalent techniques for hepa-
titis detection is blood testing which includes recombinant
immunoblot assay, PCR (polymerase chain reaction), bio-
marker assay, enzyme immunoassay and hepatitis RNA quan-
tification in the serum [27]. Immunoassay techniques were
explained as versatile and common methods for determination
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of pathogenic agents. Antibodies and antigens, which are de-
rived from hepatitis virus, are the chief components for all
immunoassay methods [28]. As a detector element, antibodies
serves vital role in immunoassay techniques various formats.
The most significant and typical techniques for hepatitis virus
detection involve; RIA (radio-immunoassay), EIA (enzyme
immunoassay), immuno-chemiluminescence and ICA
(immuno-chromatographic assay). Enzyme immunoassays
are significant serological techniques applied for detection of
hepatitis viruses. Procedures of EIAs are convenient and sim-
ple to set-up and sensitive to target’s low levels, as well as
requiring few reagents, potential for being automated and
qualitative and quantitative testing are some plus points of
enzyme immunoassays. Whereas, they are expensive and
need prolonged time. Fast viral hepatitis detection, immedi-
ately after infection, is an urgent need of treatment prevention
of infection transmission [20, 28].

After immunoassay methods, molecular techniques have
been become unavoidable procedures for viral disease diag-
nosis, with reliable and accurate results. While serological
methods are not definite, molecular methods are very bene-
ficial for all infections of hepatitis viruses detection, special-
ly HBV and HCV [23]. Broadly application of molecular
strategies for hepatitis viruses’ detection relies on amplifica-
tion of nucleic acid [24]. Molecular techniques developed
for genomic materials of virus diagnose, some of these
methods including; PCR (polymerase chain reaction), NAT
(nucleic acids tests) and real-time PCR, but real-time PCR
are employed as reference and gold-standard setting. Some
advantages and limitations of molecular techniques are hav-
ing greater sensitivity and specificity with wide dynamic
action range than serological techniques as well as need
for special tool, lack of ability to show viability of pathogen,
respectively [23]. New biosensors are accounted as intrigu-
ing, attractive and beneficial devices for hepatitis virus in-
fections detection. These are novel label-free tools that can
sense special targets via bio-molecular interactions like
antibody—antigen or receptor—ligand complexes and
substrate-enzyme reactions [26, 29]. Combination of immu-
nological and molecular strategies coupled with mass-sensi-
tive, electrochemical, electrical and optical sensing models
are the basis of biosensors. The main plus points of biosen-
sors are cost-efficient, rapid and reliable procedure, provid-
ing a quantitative test for determination with 100 copies of
viral hepatitis, as well as throughput, manifold analysis and
automation [29, 30] Table 1.

Among these, the metabolic biomarkers analysis is strong
method for improving the hepatitis diagnosis, therapy and
prevention. Infection of liver lead to measurable alterations
in some metabolite levels such as phenylalanine, tryptophan,
L-proline, histidine, ethanol, tyrosine, fumaric acid and lactic
acid. Remarkably, the amino acids concentration is found
changed in liver diseases. The high levels of lactate in blood
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also has a significant role in liver dysfunction. Both chronic
and acute hepatic diseases can lead to lactic acidosis and ac-
cumulation of lactate. Moreover, several research reported the
association between hepatic enzymes (a predictor of hepatic
injury) and blood alcohol concentration in these patients [27].
Various kinds of biosensing techniques have been developed
for detection of metabolic biomarkers in order to rapid hepa-
titis diagnosis. They demonstrate perfect performances like
good repeatability, great selectivity and enhanced sensitivity
in comparison to non-enzymatic biosensors [27].

Biosensors

A growing number of various biosensors have been employed
in clinical research such as biosensor for blood glucose [6].
Biosensor can be defined as an analytical tool with the ability
to provide precise semi-quantitative or quantitative analytical
data through connection of chemical, biochemical and biologi-
cal recognition element (biochemical receptor) with a transducer
element in which receptor interacts indirectly or directly with
analyte leading to generation of signal [31, 32]. Bio-receptor,
signal-transducer and amplifier are the components of a biosen-
sor. The interaction which is occurred between bio-receptor and
analyte changed into measurable signals. Whole cells, nucleic
acids, tissues, antigens, enzymes and antibodies can be
employed as bio-receptor [31]. Biosensors have a variety of
different applications in broad ranges involving drug monitor-
ing, medical filed, diagnosis, biodefence and security, food safe-
ty and environmental controlling [31, 33]. Based on the trans-
duction or biological element they can be categorized into var-
ious types. Categorization based on the transducer element di-
vided into four groups: I) optical (surface plasmon resonance,
colorimetric, fluorescent, luminescent and interferometric), II)
electrochemical (voltammetric, amperometric, potentiometric,
condutometric and impedametric), III) calorimetric, [V) mass-

based (magnetic or piezoelectric and acoustic-wave, e.g., quartz
crystal microbalance), V) magnetic and VI) mechanical biosen-
sors [32, 34-36]. Biosensors have the capability to detect targets
in wide range from little molecules like pesticide and antibody
to medical targets such as viral and bacterial pathogens [26, 37].
The biosensor performance is usually determined based on its
selectivity, reproducibility or precision of the response, response
to matrix interferences, sensitivity, linear range as well as limit
of detection (LOD) [38-40]. Additionally, the latest improve-
ment in nanotechnology and nanoscience pave the way for mak-
ing very small scale electrodes that nanoscale biosensors caused
to generation of new type of diagnostic biosensors termed
Nano-biosensors [41]. Nanomaterials play roles in different
fields, including targeting, imaging and sensing that not only
they are powerful tools for enhancement of biosensing tech-
niques but also they lead to advancement of available detection
methods. Nanomaterials serve as prosperous candidate for con-
struction of high sensitive biosensors. Outstanding features of
nanomaterials, for instance high surface area, very unique elec-
trochemical attributes, catalytic activities, high surface to vol-
ume ratio, unique size and shape and physical-chemical proper-
ties are precious for creation and amplification of signals and
enhancing analytical activity [34]. Different nanomaterials such
as metallic nanoparticles (NPs), quantum dots (QDs), silica
(SiO,) NPs, graphene and carbon nanotubes (CNTs) have been
combined with biosensors and lead to fabrication of specifically
sensitive biosensors [41-43]. Hence, application of
nanomaterials in biosensors not only do not change the proper-
ties of biosensors but also lead to signal amplification, perfor-
mance improvement, sensitivity of them, and fast analysis of
multiple components due to their nano-metric dimensions and
unique features [35, 41]. Fast viral detection technique has vital
importance for healthcare. Conventional techniques of diagnos-
ing specific viruses are expensive and prolonged for long time.
Hence, viral biosensors are sensitive and accurate with rapid
recognition system [26]. The primary focus of article is on

Table 1 Summary of diagnosis testing techniques of hepatitis
Method Advantages Limitations Ref.
Immunoassay ELISA® Easily settled, required few reagents, sensitive to target’s low levels  Expensive, time-consuming [28]
RIAP
CA°
LFIA or LFA?
Molecular PCR® Great sensitivity, specificity, broad dynamic action range Requiring special tools, unable [23]

approaches NASBA and TMA'
Real-time PCR or gPCR®
LAMP"

bDNA'

Electrochemical

Optical

Piezoelectric

Biosensors

to show viability of pathogen agents

Cost-low, higher sensitivity and selectivity, simple, accurate, - [26]
reproducibility, rapid, low limit of detection up to femto (f) ranges

* Enzyme-linked immunosorbent assay. ® Radioimmunoassay. ¢ Immunochemiluminescent Assay. ¢ Lateral flow immunoassay. ¢ Polymerase Chain
Reaction. "Nucleic Acid Sequence-Based Amplification and Transcription-Mediated Amplification. ¢ Real-Time Polymerase Chain Reaction or quan-

titative PCR. " Loop mediated isothermal amplification. ' Branched DNA
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describing variety of biosensor with regard to specific, rapid and
efficient detection of hepatitis virus. Scheme 1 illustrates com-
ponents of a biosensor used for hepatitis virus detection.
Biosensors can diagnose special target via interactions of bio-
molecules like substrate-enzyme reaction, antigen-antibody or
ligand-receptor complexes. Viral hepatitis detection by biosen-
sors can be done in a rapid, reliable and cheap procedure [29].
The following sections describe employed biosensors for hepa-
titis virus detection in detail depending on the transduction com-
ponent such as electrochemical, optical and piezoelectric
detection.

Electrochemical biosensors

Electrochemical biosensors have caught noticeable attention
and supplied accurate, fast, sensitive, low-cost platform for a
range of applications in medical diagnosis [44—48]. The

Analytes Bioreceptors

Nucleic

compound formed from binding of biomolecule and bio-
receptor at the surface of sensor leads to detectable alteration,
changed into quantitative amperometric, impedimetric or po-
tentiometric signal [26, 49, 50]. These biosensors are multi-
functional tools obtaining electrochemical transducers
(impedimetric, voltammetric, condutometric and amperomet-
ric) in order to recognize some biological incidents such as
formation of antibody-antigen complex, hybridization of
nucleic acids, enzymatic reactions and binding of ligand-re-
ceptor. Voltammetric and amperometric biosensors are broad-
ly utilized for hepatitis virus detection [2]. Tables 2 and 3 gives
an overview on various types of electrochemical biosensors
developed for hepatitis viruses’ detection.

Voltammetric biosensors

There are different types of voltammetric methods such as
SWV (square-wave voltammetry), LSV (linear sweep

Signal

Amplification Processing

Acid pH changer g Conductor

pH Electrode

Specific
Proteins

Heat ) Thermistor

Antibody Light

Photon
Counter

Electro
active
substance

Antigen
Aptamer

Receptor

Scheme 1 Schematic presentation of biosensor components applied for
detection of hepatitis viruses. Biosensors varies based on types of their
transducers and bioreceptors. The interaction of analyte, hepatitis virus
that leads to liver diseases, with various types of bioreceptor components
such as aptamer, nucleic acid, antigen, and etc., in different biosensors
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) Electrode

Piezoelectric
Device

converted to quantifiable signals through a transducer and then analyzed
in a system. In order to amplification of generated signals different
nanoparticles can be used, hence this type of biosensors termed nano-
sensors
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voltammetry), DPV (differential pulse voltammetry), CV (cy-
clic voltammetry), hydrodynamic voltammetry, stripping volt-
ammetry, ac voltammetry and polarography. These methods
have a wide linear range with ability to measure low concen-
trations of target [38, 45, 51]. Li and co-workers have devel-
oped a “signal on” electrochemical bio-sensing method for
specific detection of gene sequence of HBV (hepatitis B virus)
based on the PDHB (protection- displacement-hybridization-
based) signaling process. The designed biosensor consisted of
three types of probes; 1) CP (capturing probe), ii) AP (assistant
probe) and iii) MB-modified SP (signaling probe modified
with 3-methylene blue). Assistant probe is co-immobilized
on the surface of gold electrode and the MB-modified SP
presents freely in the solution of detection. Assistant probe
and capturing probe are co-immobilized on the surface of gold
electrode through Au-S binding with hybridization in order to
generate a duplex with 14-base. Then, the free signaling probe
in solution hybridizes with assistant probe to create a duplex
with 10-base. Capturing probe is specifically bind to gene
sequence of HBV. A duplex is generated between assistant
probes and signaling probe with target, hybridized with cap-
turing probe. Hence, the methylene blue labels of signaling
probe can be got closer to the surface of electrode that resulted
in efficient transferring of electron as well as production of
greater signal of detection. In order to characterize the biosen-
sor, two kinds of electrochemical testing methods including
CV (cyclic voltammetry) and ACV (alternating current volt-
ammetry) are utilized. Under optimum circumstances, the de-
signed biosensor demonstrates a great sensitivity with LOD
(limit of detection) of approximately 5 fM for gene sequence
of HBV. In the utilization of biosensor for discernment of

Fig. 1 Schema represents the
detection of specific DNA
sequence of the hepatitis B virus
using a DNA biosensor
preparation process. This figure is
obtained with permission from
Ref [53]

Step 2:

Electropolimerization

point mutation, it shows superior capability and its special
great adjustability [52]. In a study in 2014, an electrochemical
genosensor was developed to detect HBV special DNA se-
quence based on modification of graphite electrodes with
poly(4-aminophenol) and incorporation of special oligonucle-
otide probe. Probe-contained modified electrode was assessed
via DPV (differential pulse voltammetry) with/without com-
plementary HBV special DNA sequence’s incubation.
Detection was completed through direct detection in which
oxidizable DNA bases was monitored or via indirect detection
in which ethidium bromide was used as indicator for hybrid-
ization procedure (Fig. 1). The biosensor’s LOD for target was
2.61 nmol L™". Detecting indirectly through ethidium bromide
was helpful for differentiating mismatches which is worth-
while feature for detecting point mutation-related diseases.
Furthermore, it was probable to discover differences between
non-hybridized and hybridized surface by AFM (atomic force
microscopy) [53].

The earliest marker of HBV infection, which is persisted all
life after connection with virus, is termed Anti-HBc. Anti-
HBc is believed to be most significant marker for application
in blood bank screening. Cabral and colleagues have designed
label-free electrochemical immunoassay for anti-HBc detec-
tion (antibodies to HBV core protein). Amino CNTs (carbon
nanotubes), which is modified by hyaluronic acid, utilized as a
nano-hybrid surface on the surface of GCE (glassy carbon
electrode) for anti-HBc detection (Fig. 2). The response of
electrode was evaluated via direct interactions of anti-HBc
antigen by SWV (square wave voltammetry). The linear range
of electro-immunoassay for concentrations of anti-HBc was
6 ng mL™" with 0.03 ng mL ™' LOD. The results indicated that

Blocked with
BSA

Step 4:
-, ds DNA Target

. Indirect Detection using
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3 59 [ \Y
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Fig. 2 A schema illustrating the
electrochemical immunosensor
based on use of HA-CNT and
immobilization of the HBc
antigen. This figure is obtained
with permission from Ref [54]

GCE

the designed electro-immunoassay can be considered as a
promising platform for usage as a bench mark for disposal
of blood bag. The great performance of this immunoassay
seems maybe because of HA-CNTs synergic effect that
allowed immobilization of a great amount of antigens and
enabled increment of electron transfer, which led to a great
diagnostic sensitivity. CNTs were selected because of their
good structure, mechanical and electrical properties, enhanc-
ing the electroactive area so increase the rate of immobiliza-
tion to the surface of electrode [54].

In 2013, a selective and ultrasensitive immunosensor was
designed for HCV core antigen (hepatitis C virus) detection.
Components of immunosensor were GMCs—MB nanocom-
posite (graphitized mesoporous carbon— methylene blue) and
HRP (horseradish peroxidase)-DNA-coated CMWNTs (car-
boxyl multi-wall carbon nanotubes) as a material for electrode
modification and secondary layer of antibody, respectively.
After modification with nanocomposite, the electrodeposition
of gold nanoparticles was performed onto electrode for immo-
bilization of captured antibodies. CMWNTs linked with sec-
ondary antibodies and bridging probe, and concatamers of
DNA were got by hybridization of supporting probes and
biotin-labeled signal. Eventually, streptavidin-HRP were
tagged on the secondary layer of antibody through
streptavidin-biotin system. The immunosensor demonstrated
0.25-300 pg mL™" linear range and 0.01 pg mL ™" with great
selectivity. Results exhibited acceptable reproducibility and
stability, as well as desirable recovery in human serum for
hepatitis C virus core antigen. The designed immunosensor
had high potential for utilization clinically (Fig. 3) [55].

An electrochemical DNA biosensor which has sensitive,
label-free, low-cost, simple and disposable characteristics
was developed for HCVla (HCV genotype la) detection.
Immobilization of amino-bound inosine-substituted 20 mer
probes onto disposable PGE (pencil graphite electrode) via
covalent linkage leads to development of biosensor. The
SWYV results of designed DNA biosensor demonstrated detec-
tion limit of 54.9 nM with linear range of 0.05-0.75 uM [11].
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Another label-free DNA biosensor for detection of HCVla
was developed through modification of PGE (pencil graphite
electrode) with PGA (poly(L-glutamic acid)). The surface of
PGA modified PGE immobilized with inosine-substituted 20
mer probes via creation of amide bonds in covalent linkage.
Through square wave voltammetry an oxidation peak was
observed in +1.05 V that showed guanine oxidation signal
in hybridization. Linear rang of 50 nM-1.0 uM and LOD of
40.6 nM were obtained by proposed biosensor for HCVla
detection. Consequently, PGA-modified DNA biosensor is
disposable, low-cost as well as owning higher electro-
catalytic impact on guanine oxidation [10]. In a report an
electrochemical technique utilized for detection of ss-DNA
oligonucleotide which has a sequence derived from HBV ge-
nome, in which CSD (circular strand displacement) and RCA
(rolling circle amplification) methods mediated by MB (mo-
lecular beacon) was used. The ss-DNA hybridized with
immobilized MB loop portion on the gold electrode surface,
while the rest of MB partial DNA sequence hybridized with
primer DNA. This provoked the MB-mediated circular strand
displacement. The rolling circle amplification then begin to
create a long strand DNA which lead to important increase
of DPV response of the electrochemical methylene blue probe.
Under optimum conditions, limit of detection was 2.6 aM with
ultrahigh sensitivity and great selectivity. Also, the linear
range was 10-700 aM concentration of DNA [56].

Amperometric biosensors

Amperometric biosensors might be a subclass of voltammetric
type biosensors with electroactive species that endure the re-
dox reaction at electrode surface [57]. In amperometric bio-
sensors, the existing linear relationship between current inten-
sity and analyte concentration is measured [58]. Chen et al.,
have demonstrated a biosensor based on BSA (bovine serum
albumin)-dual probe for detection of HBV B/C genotype in
which there has been a relationship between temperature of
melting and length of probe. With the specifically developed
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Fig. 3 Preparation of a HCV core inmunosensor: a preparation of the multi HRP-DNA-CMWNTs-Ab2 bio-conjugate; b fabrication of the HCV

immunosensor. This figure is obtained with permission from Ref [55]

B/C genotype probes from hepatitis B virus, this suggested
bovine serum albumin-dual probe sensing platform is incubat-
ed at two temperatures in the same specimen solution. The
HBYV genotype can be successfully identified due to the rela-
tionship of two signals of amperometry. Furthermore, B and C
genotypes had the limit of detection of 1.12 pM and 1.64 pM,
respectively. This biosensor was a novel technique for B/C
genotypes of hepatitis B virus with plus points of being sim-
ple, reproducibility, rapidness and accuracy as well as opening
novel window for genotyping based on DNA bio-molecular
features [4]. Mandli and co-workers have designed an
immunosensor for detection of HAV antigen through immobi-
lization of hepatitis A virus on the carbon nano-powder paste
electrode surface. Peroxidase utilized for labeling secondary
antibody in order to monitor the target antigen. Adding hydro-
quinone and hydrogen peroxide as a mediator of redox result-
ed in analytical signal correspondence with amperometric cur-
rent. A plot of amperometric signal versus hepatitis A virus
antigen concentration resulted in the calibration plot shown in

Fig. 4. With taking the results into consideration, LOD for
hepatitis A virus antigen was 26 x 107> IU mL™ ' with a wide
linear range of 2x 10 to 5x 107 IU mL™ '. In addition,
average RSD (relative standard deviation) of designed
immunosensor was <3% and 7% on same days and different
days of measurement, respectively. Therefore, the
immunosensor showed high selectivity and stability for detec-
tion of hepatitis A virus antigen and was successfully utilized
for HAV determination in water specimens [59].

Potentiometric biosensors

Potentiometric biosensors measure the charge potential accu-
mulation in the working electrode in comparison with refer-
ence electrode in an electrochemical cell, where there are in-
significant current flows between the electrodes [58, 60, 61].
Tang et al., have developed an integrated array of automatic
immunosensor to detect five different antigens of hepatitis
virus, including hepatitis A, B, C, D and E. Firstly, the
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Fig. 4 A schema for the T —
preparation of the electrochemical

HAV competitive antibody
immunosensor. This figure is
obtained with permission from A
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immobilization of five type of antibodies of hepatitis virus
onto array was done via utilization of nano-gold proteins
and particles to capture related antigens with a one-step cap-
ture format. The determination was based on potential alter-
ation before and after antibody-antigen reaction by utilizing a
system of two-electrode. The designed immunosensor array
leads to detection of hepatitis virus 5-kind antigens in five
minute. The LOD for array was <1.0 ng/mL for most of the
analytes. This immunoassay provides simple, label-free, low-
cost and rapid detection of multi-analyte [62]. An electro-
chemical method based on gold nanoparticle was suggested
by Hanaee et al., in 2007 for detection of DNA sequences of
HBV. In this method, amplified DNA strands of HBV hybrid-
ized with probes which are spread out on paramagnetic beads.
After non-complementary sequences’ separation, gold-
followed by Ag (silver) increment modified with streptavidin
was used for treatment of magnetic beads which were hybrid-
ized. High sensitivity and selectivity were achieved applying
electrochemical stripping determination of Ag ions deposited
on gold nanoparticles. It is worth noting that the detection
limit was 0.7 ng ml™' [63].

A novel immunosensor developed for surface antigen of
HBYV detection through gold nanoparticles self-assembly with
thiol-involved sol-gel network. The 3D sol-gel network and
colloidal gold nanoparticles were utilized as new amplifica-
tion method and enhancing the sensitivity of immunosensor.
Hydrolyzed (3-mercaptopropyl) trimethoxysilane sol-gel so-
lution was used to immersing gold-electrode into it in order to
gathering of 3D-silica gel. Following that, gold NPs were
immobilized onto the thiol of the sol-gel network. Hence,
the surface antibody of HBV was gathered onto gold nano-
particles surface. The procedure was evaluated via electro-
chemical impedance spectroscopy and CV. The created alter-
ations in potentiometric results before and after the antibody-
antigen reaction was used for detection. Results demonstrated
that long-time stability, great reproducibility and extreme
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sensitivity with linear range of 4-960 ng mL™' and
1.9 ng mL ! LOD as well as one-month lifetime [64].

Impedimetric biosensors

These type of biosensors have low usage of energy so that
they are cheap and can miniaturized with ease. As a transduc-
er, impedametric biosensors are mostly utilized antibodies
[31]. There are two basic types of methods for impedance
measurement depending on employing EIS (impedance spec-
troscopy) or electrochemical impedance immunosensors in
which mSAM (mixed self-assembled monolayer) base layer
utilized for its construction [31]. Compared to potentiometry
and amperometry, one of the advantages of EIS is lack of need
for labels, which simplifies the production of sensor [65].
Narang and co-workers have developed a genosensor by using
Zeolite nanocrystals (Nanocrys Zeo) and MWCNT (multi-
walled carbon nanotubes) for detection of HBV DNA in pa-
tients’ blood. CV, DPV and EIS was performed for character-
izing electrode modified with ss-DNA-nanocomposite. The
hybridization between target ss-DNA and probe ss-DNA
was determined by reduction in current, created by interaction
of MB (methylene blue) with 3’G (free guanine) of ss-DNA.
Zeolite nanocrystals were deposited on the FTO glass elec-
trode (fluorine doped tin oxide) in order to great ss-DNA
immobilization when MWCNTs are integrated into assembly
of zeolite for enhancing genosensor’s electro-conductivity.
The detection limit of geneosensor was 50 copies mL .
Therefore, the EIS method applied for HBV detection is con-
venient without prolonged time for analysis [66]. Singhal et al.
Have reported an impedimetric genosensor for HCV1 (hepa-
titis C virus genotype 1) detection in serum, based on comple-
mentary cDNA target hybridization with probe. For this pur-
pose, the probe DNA was immobilized on the MB@SiNPs/
FTO (methylene blue doped silica NPs modified fluorine
doped tin oxide) electrode surface. ss-DNA/ MB@SiNPs/
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FTO modified electrode showed two features for detecting
DNA of HCV in serum sample of patient, including; being a
platform for signal amplification due to presence of SiNPs and
also being electrochemical indicator because of methylene blue.
The LOD and linear range of genosensor were 90 copies mL ™
and 100-10° copies mL™", respectively. Furthermore, this
genosensor had 4 weeks of half-life [67]. Mashhadizadeh and
colleagues have prepared a CPE (carbon paste electrode) mod-
ified with gold and magnetic nanoparticles for immobilizing
thiol modified probe DNA of HBV in order to detect trace
amount of hepatitis B virus DNA target. The usage of GNPs
(gold nanoparticles) and MNPs (magnetic nanoparticles) led to
enhancement of DNA biosensor electrochemical signal and sen-
sitivity increment of biosensor towards detection of HBV DNA.
Utilization of TMSPT (3- (trimethoxysilyl)-1-propanthiol) for
passivation of MNPs can enhance the reproducibility and stabil-
ity of the modified electrode. Although, TMSPT free S-H
groups in the functionalized MNPs provide an improved load-
ing interface for GNPs and probe hepatitis B virus ss-DNA. This
DNA-biosensor demonstrated pleasing reproducibility, great
sensitivity and selectivity for determination of HBV DNA.
These superior characteristics can be associated with unique
synergism between gold and magnetic nanoparticles in the im-
mobilization of ss-DNA. The detection limit of this genosensor
was 3.1 (+0.1) x 107"* M, and successfully applied for label-free
and sensitive impedimetric detection of hepatitis B virus DNA
in the blood plasma and urine samples (Fig. 5) [68].

magnet '.CPE

MNP

Conductometric biosensors

Application of polymers like polypyrrole, polyaniline,
polythiophene and polyacetylene draws great attention towards
development of electrochemical immunoassay based biosen-
sors. The conductive polymers play an important role as an
electrochemical transducer causing alteration of signals into
electrical signals to be used in sensing [40]. Liu and co-
workers have designed a conductometric immunoassay for de-
tection of HBsAg (hepatitis B surface antigen) in which double-
codified nano-gold particles utilized as label for micro-comb-
type electrode. Covering an interdigitated transducer with anti-
HBs/protein A/nano-gold leads to fabrication of the micro-
comb-type electrode. Conjugation of HRP (horseradish peroxi-
dase) with anti-HBs antibodies labeled with nano-gold-labeled
employed for preparation of the double-codified nano-gold par-
ticles. Immune-complex formation caused to alter the direct
electrical transmission between electrode and carried- horserad-
ish peroxidase and hence variations of local conductivity can be
evaluated based on bio-electro-catalytic reaction of carried-
horseradish peroxidase. By application of anti-HBs conjugated
with HRP, as secondary antibodies, the linear range was 1.5—
450 ng/mL HBsAg, whereas by employing double-codified
nano-gold particles sensitivity sensor enhanced to 0.01 ng/mL
with 0.1-600 ng/mL HBsAg linear range. The designed
immunosensor demonstrated great sensitivity, acceptable repro-
ducibility and stability [69].
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Fig. 5 Schematic representing the construction steps of the electrochemical DNA biosensor. This figure is obtained with permission from Ref [68]
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Optical biosensors

Considerable improvements have been achieved in optical
biosensors that makes it as a valuable and significant compo-
nent of novel activities in drug screening and biosensing field.
Hence, optical biosensors become one of the most applicable
kinds of biosensor [31]. Having a broad range of spectros-
copies (e.g., fluorescence, Raman, refraction, absorption,
SERS, phosphorescence and dispersion spectroscopy) has en-
abled this method to be used in several biosensor classes
[110-112]. Table 4 is enlisted various optical biosensors de-
veloped for diagnosis of hepatitis virus.

Fluorometric biosensors

Label-based fluorescence optical methods utilize labels such
as fluorescence proteins, dyes and QDs (quantum dots).
Fluorescence based biosensors can be classified in two groups
of in vivo and in vitro. The metabolic activity of microorgan-
ism in the in vitro measurements leads to changes in emission
of light because of presence of exogenous fluorescent constit-
uent, whereas in the in vivo measurements some microorgan-
isms have the capability to generate fluorescence without ad-
dition of exogenous constituent, such as GFP (green fluores-
cent protein) [31]. Transfer of energy in a donor-acceptor pair
of fluorophore is the basis of fluorescence resonance energy
transfer (FRET) biosensors [65]. Zhu et al., have reported a
FRET (fluorescent resonant energy transfer) biosensor for de-
tection HBV DNA. The biosensor was built using gold NPs as
acceptor and PEI (poly(ethylenimine)) modified NH2-UCNPs
(up conversion nanoparticles) as energy donor. Two strand of
ss-DNA were respectively conjugated with NH2-UCNPs and
gold nanoparticles. After mixing the conjugated DNA strands
together, hybridization between UCNPs and gold NPs-
conjugated complementary DNA lead to up conversion lumi-
nescence quenching due to the fluorescent resonant energy
transfer process. Addition of target DNA leads to release of
gold NPs from UCNPs surface and restoration of the up con-
version luminescence due to the formation of stable ds-DNA
on UCNPs. The designed biosensor demonstrated great selec-
tivity and sensitivity with potential for use in clinical analysis
of hepatitis B virus and others [113]. Yue and colleagues have
reported a fluorescence biosensor for detection of DNA based
on usage of CuS particles. Biotin-modified capture DNA was
then modified on Streptavidin MagneSphere PMPs
(Paramagnetic Particles) and hybridized with HBV target
DNA. This process was followed by hybridization of the
bound target DNA with particles of DNA-CuS, creating a
sandwich-like structure. Acid can cause the destruction of
CusS particles on the sandwich structures leading to formation
of Cu(Il). Furthermore, sodium ascorbate can be applied to
reduction of Cu(Il) to Cu(I), which successively resulted in
the catalyze of the reaction between propargyl alcohol and a
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weak-fluorescent 3-azido-7-hydroxycoumarin in order to cre-
ate a compound of fluorescent 1,2,3-triazole. The detection
limit and linear range of this biosensor was 0.04 nM and
0.1-100 nM, respectively, with great sensitivity and reproduc-
ibility [114]. Lu et al., have reported a FRET system including
FAM (fluorescein) and AuNRs (gold nanorods) for HBV
DNA sequences detection. Gold NRs surface was coated with
CTAB (cetyltrimethylammonium bromide) thin layer in order
to make them positively charged. In the time of FAM-ss-DNA
(FAM-tagged ss-DNA) addition into suspension of gold NRs,
adsorption of it onto gold NRs surface led to generation of
ternary complex of FAM-ss-DNA—-CTAB-gold NRs. The
formed structure caused FRET (fluorescence resonance ener-
gy transfer) from FAM to gold nanorodes and quenching of
FAM fluorescence intensity. Addition of complementary tar-
get DNA to complex solution of FAM-ss-DNA—-CTAB-gold
NRs caused further reduction in fluorescence intensity due to
enhanced fluorescence resonance energy transfer efficiency.
The linear range and LOD were 0.045-6.0 nmol L™ and
15 pmol L' [115]. For determination of the single mismatch
in HBV gene and target DNA, Wang and co-workers have
reported a QDs-DNA (quantum dots-DNA) nano-sensor
based on FRET technique. In the present research, TOPO
(trioctylphosphine oxide) on the QDs surfaces was replaced
with MPA (3-mercaptopropionic acid) in order to prepare the
water-soluble CdSe/ZnS quantum dots. Following that, oligo-
nucleotides were immobilized on the QDs surface in order to
create the quantum dots -DNA conjugates. Then, by adding of
signal DNA modified with Cy5 and DNA targets into the
quantum dots-DNA conjugates the sandwiched hybrids were
generated. The final assembly shortens the distance between
the QDs (the donor) and CyS5 fluorophore (the acceptor),
which results in the emission of fluorescence by the acceptor
employing FRET on the donor’s illumination. In order for
effectively identify HBV gene single-base mutants, ligation
method was applied. If there was a single-base mismatch,
which can be determined by ligase, the probe was not ligated
and due to lack of fluorescence resonance energy transfer
(FRET), Cy5 emission was not generated. With regard to re-
sults, the LOD was 4.0 nM for synthetic 30-mer oligonucleo-
tide targets derived from the HBV (Fig. 6) [116].

Colorimetric biosensors

Colorimetric biosensors are rapid and portable which allow
immediate pathogenic microorganisms observation with bare
eyes so that provided low-cost diagnosis instruments. The
components which used in colorimetric biosensors are flat
substrate (glass and paper) and small amount of specimen
[31]. A new type of gold NPs biosensor, which is both color-
imetric and quantitative, has introduced by Shawky et al., in
order to directly identify the unamplified HCV RNA in clin-
ical models and transcripts of DNA restoration from cell lines.
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Fig. 6 Detection technique of DNA SNP based on FRET, in which the
QDs-(p) DNA nanoassembly was applied. (a and b) excitation of QDs at
485 nm and induction of realse of PL from Cy5 via FRET between Cy5
acceptors and QDs donor in the nanoassembly are observed. (¢) lack of

The method was based on inducing accumulation of citrate-
gold NPs modified with specific probe. Two kinds of gold
nanoparticles, CTAB and cysteamine were compared to ob-
tain maximum method performance. The method was rapid,
low-cost and simple with great specificity, 93.3% sensitivity
as well as 4.57 TU pL ™" detection limit (Fig.7) [12]. In a study,
a colorimetric detection technique of ss-DNA based on DNA-
templated copper nanoclusters was reported by Mao and co-
workers. The reported technique was able to easily detect
three-base-pair mismatches of target DNA and the limit of
detection was 12 x 10” molecules for HBV DNA. [117]. A
novel technique was presented by Yang et al., to identify the
quantitation of HBV viral load according to colorimetric po-
lymerase chain reaction (PCR) using DNAzyme-based probe.
The specific DNAzyme showed activity like peroxidase in the
existence of hemin for reporting colorimetric signal. This
technique have demonstrated wide linear range, great sensi-
tivity and builds significant basis for obtaining accurate detec-
tion limit of HBV DNA [118].

Ding, Lu and co-workers have utilized atom transfer radi-
cal polymerization technique for synthesis of S-cyclodextrin-
cored poly(acrylic acid) (PAA) with controllable and uniform
molecular weight. After loading on the surface of silica nano-
particles functionalized with adamantane through interaction
of host-guest, then probe ss-DNA and glucose oxidase were
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presence of the most efficiently matched target DNA resulted in ligation
failure. Therefore, no FRET was found in this respect. This figure is
obtained with permission from Ref [116]

immobilized on the prepared nanoparticles. Also, capture sin-
gle strand DNA was functionalized on magnetic beads which
modified with amino. In the existence of ss-DNA sequence of
HBYV containing totally matched sequence of both capture and
probe ss-DNA, a bio-conjugate was created (Fig.8). By con-
trolling the absorption intensity alteration of gold nanoparti-
cles at 530 nm, this biosensor with possessing novel signal
amplificatory probes can be applied for highly selective and
sensitive detection of DNA sequence of hepatitis B virus in
both serum and buffer samples. The designed method has
opened new windows for construction of gold NPs covered
with PAA brushes in the area of clinical diagnosis and differ-
ent life sciences [119].

Surface plasmon resonance

The advantages of SPR (Surface plasmon resonance) biosen-
sors are: i) The possibility of online monitoring of affinity
interactions, and ii) Direct detection, without any additional
labeling [6]. Some of the major disadvantages of this potent
method include completed mechanism, need for largely ex-
pensive equipment, and enormous size of presently obtainable
instruments. However, some portable SPR kits, such as Texas
Instruments’ Spreeta system, are commercially accessible
[65]. Localized SPR (LSPR) is based on metallic
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Fig. 7 Direct identification of unamplified HCV RNA colorimetric
biosensor in clinical examples: 1) Functionalization of citrate capped
gold NPs with thiolated HCV specific probe, which leads to the
formation of nanoprobes, 2) Mixing of the nanoprobe with the RNA
sample, followed by three minutes of being heated at 95 °C, 3) Right
panel: hybridization of the HCV viral RNA to the HCV specific
nanoprobe using sequence complimentarily. Left panel: lack of
presence of HCV RNA (non-particular RNA target), thereby lack of
occurring of hybridization. The next stage included the incubation of
the mixture at room temperature, 4) Adding of the cationic gold NPs, 5)

nanostructures (MNPs (gold, silver, etc.) having unique opti-
cal properties, which are not observed in large metal structures
[110]. A particularly striking example of such phenomenon is
the red color of aqueous dispersions of colloidal gold particles,
which is a manifestation of LSPR. Interaction of incident light
with MNPs, induction of collective electron charge oscilla-
tions, which are confined in MNPs, by electromagnetic light
field, and succeeding light absorbance in the ultraviolet-
visible (UV-VIS) band lead to the optical phenomenon of
LSPR. In this regard, SPR and LSPR methods vary in terms
of local induction of plasmon oscillate on the nanostructure
instead of along the metal/dielectric interface [110]. Riedel
et al., have reported a plasmonic biosensor for detecting pro-
tein biomarkers. Bioreceptor-functionalized poly[(N-(2-hy-
dro-xypropyl) methacrylamide)-co(carboxybetainemethac
rylamide)] brushes based- new bio-interface structure was
employed for analysis of clinical serum specimens (Fig. 9).
Outstanding resistance to fouling was provided via this bio-

AuNPs modified
with thiolated probe

=

~

Cationic AuNPs (Cysteamine AulNPs)

HCV Positive Sample

I

i E’J HCV Negative Sample

Right panel: remained color of red of the mixture solution in the company
of HCV RNA, which reflected the gold NPs’ dispersion onto the folded
HCV RNA, resulting in the protection of the nanoprobes from being
aggregated through cationic gold NPs. Left panel: binding of gold NPs
to the probe phosphate backbone electrostatically in the lack of a
complementary target, leading to the reduction of the inter-particle dis-
tance between the cationic gold NPs and nanoprobes and accumulation
and change of color from red to blue. (The reader is referred to the web
version of this work for explanation of the references to color in this
figure legend). This figure is obtained with permission from Ref [12]

interface even after functionalization and for the first time
permitted direct determination of anti-HBs (antibodies against
HBsAg (HBV surface antigen)) in clinical serum specimens
utilizing SPR. This surface plasmon resonance biosensor per-
mitted recognition of positive and negative anti-HBs clinical
specimens within 10 min. The results exhibited that regener-
ation of biosensor can be done though treatment with glycine
buffer [120].

Surface-enhanced Raman scattering

In surface-enhanced Raman scattering (SERS) biosensing
technique, the intensity of the vibration spectra of a molecule
enhanced by several orders of magnitude when it is in close
proximity to nano-roughened metallic surfaces or nanoparti-
cles composed of either gold or silver [110]. Two mechanisms
are involved in the amplification of SERS intensity in Ramen
labels, including electromagnetic (EM) and chemical (CE)
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Fig. 8 A schema representing the formation of the probe based on SiO2 @PAA/GOx/HBV-P NPs. This figure is obtained with permission from Ref

[119]

improvements. The origin of EM improvement is the localized
surface plasmon resonance (LSPR), which centralizes the in-
cident light and generates locally intense fields of EM. Given
the fact that the fourth power of the EM field and SERS signal
has the same volume, enhancement of the form, size and con-
formation of plasmon nanostructures leads to significant im-
provement in SERS sensor detection [121]. Li et al., have
fabricated SERS sensor to detect HBV DNA based on Ag
nanorice@Raman label @SiO, sandwich nanoparticles. It is
expected to be associated with spatial improvement of EM
field in the quasi-periodic array, which eventually results in
ultrasensitive SERS identification. Malachite green isothiocy-
anate (MGITC) molecules are selected as Raman labels lodge
between the SiO, shell and Ag nanorice core of the sandwich
nanoparticles, which centers the Ramen labels and inhibits the

Fig. 9 Chemical structure and synthesis of gold surface with tethered
brush modified wit protein ligand (right) and poly (HPMA-co-
CBMAA) polymer brush (left). a SPR-based assessment of

@ Springer

leaching of the labels throughout the process of sensing. The
results indicated that the detection limit was 50 aM and had
discrimination ability toward DNA single-base mutant [121].
A greatly sensitive SERS immunoassay was introduced by
Kaminska and co-workers so that Hepatitis B virus antigen
(HBsAg) can be detected in human blood in a microfluidic
system. A sandwich structure created by the fuchsine-labeled
immuno-gold nanoflowers with antibody and antigen
immobilized on surface-enhanced raman scattering-active
substrate based on gold-Ag covered GaN. Surface-enhanced
raman scattering-active substrate with great reproducibility
and stability serves pivotal role in enhancing the efficacy of
surface-enhanced raman scattering immunoassay. The limit of
detection for HBsAg was 0.01 TU mL ™", this immunoassay
showed high specificity for HBsAg detection [122].

SPR signal 42, (nm)

0 20 40 60 80 100
Time (min)

T T T

4 6 8 10
Time (min)

o
~ -

immobilization of HBsAg to poly (HPMA-coCBMAA) brush, b immo-
bilization of HBsAg onto poly (HPMA-co-CBMAA) brush based on
time. This figure is obtained with permission from Ref [120]
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Other optical biosensors

Chemiluminescence (CL) draws noticeable attention nowadays
due to its technological and scientific importance rapid reaction,
great sensitivity, cost-efficient, broad linear range and simplicity
in bio-analysis and clinical-analysis [40, 123]. Shourian and
colleagues have designed a sandwich immunosensor for surface
antigen of HBV detection, which demonstrates special affinity
toward biotin-streptavidin interaction. In this technique, multi-
functionalized gold nanoparticle, which bears luminol mole-
cules and biotin, specifically coupled with secondary
antibody-modified streptavidin. Application of gold nanoparti-
cles as biolabeling in fabrication of immunosensor is because of
their biocompatibility, chemical stability, easiness in surface
modification and also these nanoparticles lead to signal ampli-
fication. In the existence of HAuCl4 and hydrogen peroxide as
catalyst and oxidant respectively, the production of chemilumi-
nescent signal is done through gold nanoparticles. The
immunosensor indicated 0.358 pg mL ™" detection limit and
1.7 to 1920 pg mL™" linear range (Fig. 10) [124].

Sabouri and co-workers have developed an immunosensor
for detection of HBsAg in which co-immobilization of
luminol and secondary antibody on gold nanoparticles was
used to preparation of chemiluminescence label. Hepatitis B
surface antigen and secondary antibody were targeted via
immobilized primary antibody in polystyrene wells and co-
immobilized on luminol-gold NPs, respectively. Recording of
luminescence intensity of designed sandwich immunosensor
was done in the presence of Au* and hydrogen peroxide as
catalyst and oxidant, respectively. The linear range and detec-
tion limit for HBsAg determination were 0.12-30 ng mL ™
and 14 pg mL ", This method can successfully utilized for
HBsAg determination in real serums of patients [125].

The RLS (resonance light scattering) was developed by
Pasternack in 1993. Formerly, molecules and biomacromolecules
with small sizes (e.g., proteins and DNA) were effectively iden-
tified by the RLS technique. Nevertheless, there is lack of possi-
bility of using large entities (e.g., viruses) as analytes for RLS
direct identification due to various features of these entities, in-
cluding fragile self-assembled architecture, complex space struc-
ture, enormous volume and protein components, which are de-
natured with ease [126]. A new RLS sensor for special determi-
nation of trace quantities of HAV has presented by Yang et al., in
which polydopamine (PDA)-covered totivirus-imprinted poly-
mer was made known to the SiO, nanoparticle surfaces (Virus-
imprinted SiO,@PDA NPs) with the application of an effective
one-stage method of synthesis. RSL intensity was elevated via
the particular capturing of the target virus by the imprinted poly-
mer films. With regard to the results, the LOD was 8.6 pmol L
[126]. Wang et al., have constructed homogeneous, washing-free,
one-step nano-sensor based on gold NPs light scattering property
via a sandwich model for detection of HBsAg. The two mono-
clonal and polyclonal HBsAD (hepatitis B surface antibody) con-
jugated onto gold NPs were nanoprobes of study. The detection
limit was 0.005 TU/ml which exhibited great diagnostic ability
[127].

Piezoelectric biosensors

Piezoelectric biosensors are considered as mass-sensitive sys-
tems which are able to detect the additional mass attached to
the sensor and causes a detectable change in the resonance
frequency of the crystal [5, 6, 65]. Crystals are employed in
piezoelectric biosensors in order to detect alterations of mass
in the sensing field. An enhancement in mass on the surface of
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crystal such as antibody immobilization or antigen capturing E ii iiiié iiii
led to reduction in resonant frequency. Piezoelectric biosen- o c
sors are completely sensitive, cost-efficient, label-free as well § ;5
as having capability to provide low levels of determination g f
[31]. Some examples of various piezoelectric biosensors for 3 3
detection of hepatitis viruses are summarized in Table 5. E _ E
For having the possibility of a real time and label-free g 92 E é % ‘32
determination of HBV DNA, Haung et al., have designed E" §0 x P o z x
a completely combined system of DNA determination on a 12 mei £ § 2
chip (SoC). After the standard construction of CMOS cir- § § % 5‘ é T %
cuit, the DNA identification tool was obtained by post pro- Al =S s
cess according to a piezoresistive microcantilever. RIE (re- 2 =
active ion etching) and biocompatibility of the post process ‘g £ g £ é £
are improved by gold deposition so that the micro-cantilever ﬁ <o é SEnS g o
can be liberated. Moreover, the 19-mer nucleotide DNA 8 =
probe of conserved sequences in HBV was changed by thiol E g %:ﬁ
group to join its polymer chains with the gold layer in order § % §§
to assess the detection tool. On the other hand, the self- K B4 SE, 7 B
calibrated readout circuit, which is based on oscillator, was é’ o) g’@ k= j@z = 2 27
created and executed to improve the function of the com- g S8 XS2E3 3 3%
bined SoC. The results indicated the detection limit 1 pM 3 =
[136]. In a study by Cha et al., a silica nanoparticle- 3 S} . "
improved dynamic microcantilever biosensor was developed & 2 g Té £g8 g £
to detect HBV DNA. For target DNA, a 243-mer nucleotide § ‘%%% % g % %ﬂ 5 % %
of hepatltls B virus precore-core region v'vas used. .The. c'ie— § E E% E < § < g % ?D <
tection probe and capture probe were conjugated with silica E % S E)é %@D §D 2R §D
NPs and surface of microcantilever, respectively. The 243- = e o o QE 5 E E % 5 E E
mer target HBV DNA was determined up to pM level with- § 3 E £ E < % <% § i 2
out nanoparticle and up to fM level through utilizing 2 % ‘ézr\% E § E é f;% E E
nanoparticle-based signal amplification procedure. There 2| £ | S8 25258 =2 =
was a linear correlation between the frequency changes of z 5
resonant and HBV DNA concentration, which was initiated g 5
from elevated mass resulting from the attaching of the DNA é § 5
probe to the HBV PCR product and in the middle of SiNPs ;g % %
and HBV PCR product to improve the signal (Fig. 11). The g 2|3 i
detection limit of this biosensor was 2.3 fM [137]. § 5 % 5 %LE) % 2
A successful Love-wave mode SAW (surface acoustic ° = | fn 1O 102
wave) sensing platform was developed by Lee et al., for de- :«§ 2
tection of HBsAb in whole blood samples of various concen- é = % £
trations without any pretreatment. In order to protect the ;:3 g’% ég% © ;
electrods and entraping acoustic energy, SiO, guiding layer = _‘éﬁ 28 é —‘i = g
was deposited on 36 'YX LiTaO; piezoelectric single crystal ?i § § g ?%’ 2 < < B E ?
substrate. Immobilization of HBsAg was done on the sensing g’ g :gg 'g %E E & < % E
area. Mor}ltonng the' shift of re.sonance fre'q.uency was don.e 2 a:‘_ %gﬁ Ei f é 2 ;m: %" g Ei
for detection of special connecting of hepatitis B surface anti- 5| 5 % E E22 g z g £ F
body to immobilized hepatitis B surface antigen. For eliminat- % 5: 2 3 E i 52 j&ﬁi e
ing the other physical factors effect except mass alteration, the };, 2 § ﬁ é 25d é é Z é
frequency of resonance was contrasted with that of a reference B N
surface acoustic wave (SAW) tool covered with BSA (bovine é‘ =
serum albumin) for blocking linking of hepatitis B surface 3 g
antibody. The immunosensor exhibited linking specificity to - - % % % % E % (E
hepatitis B surface antibody and a linear association between 2 g, ST o> f >
antibody concentration and shift of frequency with 0.74 Hz/ S| & |22 22288 ERI:
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Fig. 11 Measurement of the resonant frequency by the process of data
acquisition and dynamic microcantilevers: a one device with 12
microcantilevers and SEM images of 2 kinds of microcantilevers, b
diagram of equipment applied for estimation of the frequency of

(pg/ul) sensitivity and limit of detection less than 10 pg/ul
(Fig. 12) [138]. MEMS cantilever sensors provided rapid
measurement times and good performance. Timurdogan and
colleagues employed dynamic mode microcantilevers without
any labels or pre-amplification methods to detect HAV and
HCV. The cantilevers of MEMS composed of Hepatitis anti-
body functionalized-electroplated nickel. Various concentra-
tions of HAV and HCV antigens are added into undiluted
bovine serum. Given the remote performing of detection and
actuation, there is no electrical connection in the MEMS can-
tilevers, which leads to the formation of sensor chips that can
be simply disposed. While interferometric optical detection
was obtained via illumination of laser and attachment of de-
flection gratings at the end point of the cantilevers, actuation is
accomplished by the application of an electromagnet. A fre-
quency counter and a closed-loop control circuit with the self-
sustaining ability is applied to monitor the frequency of reso-
nant in the cantilevers of active motion. For both of Hepatitis
A and C the determinable concentration limit was 0.1 ng/ml
(1.66 pM) [139].
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resonant from the dynamic microcantilevers, for which an impedance
analyzer is exploited, and ¢ data on frequency of resonant, which is
received from the impedance signal. This figure is obtained with
permission from Ref [137]

Conclusion

Hepeatitis virus is believed as a global perilous health problem.
With increment of chronic and acute diseases, reliable and
sensitive diagnostic instruments will enhance treatment con-
sequences. Diagnosis and therapy play a pivotal role in inhi-
bition of hepatitis viruses spread. In order to accurate diagno-
sis and efficient treatment of hepatitis, it is necessary to have a
relatively wide knowledge about infections of viral hepatitis.
However, the traditional diagnostic tools employed for such
purposes are powerful but most of them are restricted by cost
and time consuming procedures and need high volume of test
specimen. In this article we have displayed a snapshot of the
latest advancements in the field of bio and nano-sensors and
an overview of strategies for amplifying signals based on ap-
plication of nanomaterials. Not only nanomaterials are effi-
cient for signal amplification but also they act as ideal carriers
for immobilization of different bio-receptors. The combina-
tion of unique characteristics of nanomaterials and high spec-
ificity and affinity of bio-receptors provides hopeful
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Fig. 12 Right: block diagram of the sensing and fluidic blocks; left: photograph of the SAW immunosensor containing the fluidic control board, the
oscillator, the flow chamber, and the SAW device. This figure is obtained with permission from Ref [138]

opportunities for different biosensing applications. So, bio and
nano-sensors are considered as a promising candidates for
early diagnosis of viral hepatitis with low detection limits, fast
response as well as being cost-efficient. For obtaining low
detection limits, antigens and genomes are the preferred tar-
gets in viral hepatitis diagnosis. The majority of biosensors are
developed based on combining existing immunological and
molecular methods coupled with electrochemical, optical,
electrical and mass-sensitive sensing models. High sensitivity
is obtained with the use of several strategies applied to amplify
the signal. Nanosystems, nanoprobes and nano-sensors pro-
vide rapid in-vivo analysis due to having submicron sizes.
Novel nanomaterials with optical and electrical properties will
lead to enhancement of biosensors performance.
Characteristics of biosensors significantly influenced by cur-
rent improvement in material science and nanotechnology for
rapid determination of hepatitis viruses. They also enable cus-
tom engineering of the biorecognition component which itself
will lead to more advancement in the reliability and usefulness
of biosensors. With integration of microelectronics,
microfluidics, microcantilever and improved biorecognition
molecules, the technology of biosensors will continue to im-
prove for viral hepatitis detection in the near future. Further
researches are compulsory to make these detections tech-
niques totally uniform in order to settle them as global recom-
mendations for viral hepatitis detection. The construction of
multiplexed nano-scale biosensors for coincident determina-
tion of various analytes has remained a main challenge at the

@ Springer

frontier of nanotechnology. Biosensors development permit
the coincident determination of numerous metabolic bio-
markers of diseases which can get higher sensitivity of detec-
tion while lessening false positives. Consequently, it is be-
lieved that the nanomaterials will possess a good practical
substructure in the design of new biosensors for POC (point-
of-care) clinical diagnosis. Taking into consideration the un-
ceasing progress in the advancement of unique nanomaterials,
the use of novel sensing platforms based on multifunctional
nanomaterials is believed to be widely improved in the future.

Compliance with ethical standards The author(s) declare
that they have no competing interests.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

1. Rimrodt SL, Lipkin PH (2011) Learning disabilities and school
failure. Pediatrics in Review-Elk Grove 32(8):315-324

2. Heiat M, Ranjbar R, Alavian SM (2014) Classical and modem
approaches used for viral hepatitis diagnosis. Hepat Mon 14(4):
el17632

3. ZhoulJ, Wang D, XiY, Zhu X, Yang Y, Lv M, Luo C, Chen J, Ye
X, Fang L (2017) Assessing activity of hepatitis a virus 3C prote-
ase using a cyclized luciferase-based biosensor. Biochem Biophys
Res Commun



Microchim Acta (2018) 185: 568

Page 21 of 24 568

10.

11.

13.

14.

15.

16.

17.

20.

21.

22.

23.

Chen J, Liu Z, Zheng Y, Lin Z, Sun Z, Liu A, Chen W, Lin X
(2017) B/C genotyping of hepatitis B virus based on dual-probe
electrochemical biosensor. J Electroanal Chem 785:75-79

Liu Y-P, Yao C-Y (2015) Rapid and quantitative detection of hep-
atitis B virus. World J Gastroenterol 21(42):11954—-11963

Yao C-Y, Fu W-L (2014) Biosensors for hepatitis B virus detec-
tion. World J Gastroenterol: WJG 20(35):12485-12492
Pawlotsky JM (2002) Molecular diagnosis of viral hepatitis.
Gastroenterology 122(6):1554-1568

Ghosh M, Nandi S, Dutta S, Saha MK (2015) Detection of hepa-
titis B virus infection: a systematic review. World J Hepatol 7(23):
2482-2491

Aronoff-Spencer E, Venkatesh A, Sun A, Brickner H, Looney D,
Hall DA (2016) Detection of hepatitis C core antibody by dual-
affinity yeast chimera and smartphone-based electrochemical
sensing. Biosens Bioelectron 86:690-696

Donmez S, Arslan F, Arslan H (2015) A nucleic acid biosensor for
detection of hepatitis C virus genotype la using poly (I-glutamic
acid)-modified electrode. Appl Biochem Biotechnol 176(5):
1431-1444

Donmez S, Arslan F, Arslan H (2016) Sequence-specific label-free
nucleic acid biosensor for the detection of the hepatitis C virus
genotype la using a disposable pencil graphite electrode.
Attificial cells, nanomedicine, and biotechnology 44(3):912-917
Shawky SM, Awad AM, Allam W, Alkordi MH, El-Khamisy SF
(2017) Gold aggregating gold: a novel nanoparticle biosensor ap-
proach for the direct quantification of hepatitis C virus RNA in
clinical samples. Biosens Bioelectron 92:349-356

Uliana CV, Riccardi CS, Yamanaka H (2014) Diagnostic tests for
hepatitis C: recent trends in electrochemical immunosensor and
genosensor analysis. World J Gastroenterol: WIG 20(42):15476—
15491

Murray PR, Rosenthal KS, Pfaller MA (2015) Medical microbi-
ology. Elsevier Health Sciences,

Nainan OV, Xia G, Vaughan G, Margolis HS (2006) Diagnosis of
hepatitis a virus infection: a molecular approach. Clin Microbiol
Rev 19(1):63-79

Altintas Z, Gittens M, Pocock J, Tothill IE (2015) Biosensors for
waterborne viruses: detection and removal. Biochimie 115:144—
154

Afzal A, Mujahid A, Schirhagl R, Bajwa SZ, Latif U, Feroz S
(2017) Gravimetric viral diagnostics: QCM based biosensors for
early detection of viruses. Chemosensors 5(1):7

Tas T, Kaya S, Onal S, Kucukbayrak A (2012) The detection of
HBYV DNA with polymerase chain reaction in blood donors with
isolated hepatitis B core antibody. Medicinski Glasnik 9(2)
Francis J, Barrett S, Ogilvie M, Sutherland S (2004) Best practice
no 175: guidelines for virological and non-viral serological exam-
ination of specimens in routine diagnostic microbiological labora-
tories. J Clin Pathol 57(1):1-5

Mathiesen LR, Feinstone SM, Wong DC, Skinhoej P, Purcell RH
(1978) Enzyme-linked immunosorbent assay for detection of hep-
atitis a antigen in stool and antibody to hepatitis a antigen in sera:
comparison with solid-phase radioimmunoassay, immune electron
microscopy. and immune adherence hemagglutination assay
Journal of clinical microbiology 7(2):184—193

Purcell RH, Wong DC, Alter HJ, Holland PV (1973) Microtiter
solid-phase radioimmunoassay for hepatitis B antigen. Appl
Microbiol 26(4):478-484

Ebner K, Rauch M, Preuner S, Lion T (2006) Typing of human
adenoviruses in specimens from immunosuppressed patients by
PCR-fragment length analysis and real-time quantitative PCR. J
Clin Microbiol 44(8):2808-2815

Cobo F (2012) Suppl 1: application of molecular diagnostic tech-
niques for viral testing. The open virology journal 6:104

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Ling MM, Ricks C, Lea P (2007) Multiplexing molecular diag-
nostics and immunoassays using emerging microarray technolo-
gies. Expert Rev Mol Diagn 7(1):87-98

Lee S, Kim YS, Jo M, Jin M, D-k L, Kim S (2007) Chip-based
detection of hepatitis C virus using RNA aptamers that specifically
bind to HCV core antigen. Biochem Biophys Res Commun
358(1):47-52

Caygill RL, Blair GE, Millner PA (2010) A review on viral bio-
sensors to detect human pathogens. Anal Chim Acta 681(1):8-15
Farzin L, Shamsipur M, Samandari L, Sheibani S (2018)
Advances in the design of nanomaterial-based electrochemical
affinity and enzymatic biosensors for metabolic biomarkers: a
review. Microchim Acta 185(5):276

Peruski AH, Peruski LF (2003) Immunological methods for de-
tection and identification of infectious disease and biological war-
fare agents. Clin Diagn Lab Immunol 10(4):506-513

Su L, Jia W, Hou C, Lei Y (2011) Microbial biosensors: a review.
Biosens Bioelectron 26(5):1788-1799

Monosik R, Stred’ansky M, Sturdik E (2012) Biosensors-classifi-
cation, characterization and new trends. Acta Chimica Slovaca
5(1):109-120

Hassanpour S, Baradaran B, Hejazi M, Hasanzadeh M,
Mokhtarzadeh A, de la Guardia M (2017) Recent trends in rapid
detection of influenza infections by bio and nanobiosensor. TrAC
Trends Anal Chem

Perumal V, Hashim U (2014) Advances in biosensors: principle,
architecture and applications. J Appl Biomed 12(1):1-15
Hasanzadeh M, Nahar AS, Hassanpour S, Shadjou N,
Mokhtarzadeh A, Mohammadi J (2017) Proline dehydrogenase-
entrapped mesoporous magnetic silica nanomaterial for electro-
chemical biosensing of L-proline in biological fluids. Enzym
Microb Technol 105:64-76

Mokhtarzadeh A, Dolatabadi JEN, Abnous K, de la Guardia M,
Ramezani M (2015) Nanomaterial-based cocaine aptasensors.
Biosens Bioelectron 68:95-106

Jianrong C, Yuqing M, Nongyue H, Xiaohua W, Sijiao L (2004)
Nanotechnology and biosensors. Biotechnol Adv 22(7):505-518
Arlett J, Myers E, Roukes M (2011) Comparative advantages of
mechanical biosensors. Nat Nanotechnol 6(4):203-215
Eivazzadeh-Keihan R, Pashazadeh P, Hejazi M, de la Guardia M,
Mokhtarzadeh A (2017) Recent advances in nanomaterial-
mediated bio and immune sensors for detection of aflatoxin in
food products. TrAC Trends Anal Chem 87:112-128

Ronkainen NJ, Halsall HB, Heineman WR (2010) Electrochemical
biosensors. Chem Soc Rev 39(5):1747-1763

Thévenot DR, Toth K, Durst RA, Wilson GS (2001)
Electrochemical biosensors: recommended definitions and classi-
fication. Biosens Bioelectron 16(1):121-131

Pashazadeh P, Mokhtarzadeh A, Hasanzadeh M, Hejazi M,
Hashemi M, de la Guardia M (2017) Nano-materials for use in
sensing of salmonella infections: recent advances. Biosens
Bioelectron 87:1050-1064

Mokhtarzadeh A, Eivazzadeh-Keihan R, Pashazadeh P, Hejazi M,
Gharaatifar N, Hasanzadeh M, Baradaran B, de la Guardia M
(2017) Nanomaterial-based biosensors for detection of pathogenic
virus. TrAC Trends Anal Chem, 97, 445, 457

Charbgoo F, Soltani F, Taghdisi SM, Abnous K, Ramezani M
(2016) Nanoparticles application in high sensitive aptasensor de-
sign. TrAC Trends Anal Chem 85:85-97, 85

Kim YS, Raston NHA, Gu MB (2016) Aptamer-based nanobio-
sensors. Biosens Bioelectron 76:2—19

Li F, Feng Y, Dong P, Tang B (2010) Gold nanoparticles modified
electrode via a mercapto-diazoaminobenzene monolayer and its
development in DNA electrochemical biosensor. Biosens
Bioelectron 25(9):2084-2088

@ Springer



568

Page 22 of 24

Microchim Acta (2018) 185: 568

45.

46.

47.

48.

49.

50.

SL

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Yola ML, Gupta VK, Eren T, Sen AE, Atar N (2014) A novel
electro analytical nanosensor based on graphene oxide/silver
nanoparticles for simultaneous determination of quercetin and
morin. Electrochim Acta 120:204-211

Gupta VK, Mergu N, Kumawat LK, Singh AK (2015) Selective
naked-eye detection of magnesium (II) ions using a coumarin-
derived fluorescent probe. Sensors Actuators B Chem 207:216—
223

Hasanzadeh M, Mokhtari F, Shadjou N, Eftekhari A,
Mokhtarzadeh A, Jouyban-Gharamaleki V, Mahboob S (2017)
Poly arginine-graphene quantum dots as a biocompatible and
non-toxic nanocomposite: layer-by-layer electrochemical prepa-
ration, characterization and non-invasive malondialdehyde senso-
ry application in exhaled breath condensate. Mater Sci Eng C 75:
247-258

Gupta VK, Ganjali M, Norouzi P, Khani H, Nayak A, Agarwal S
(2011) Electrochemical analysis of some toxic metals by ion—
selective electrodes. Crit Rev Anal Chem 41(4):282-313
Kostecka P, Havran L, Pivonkova H, Fojta M (2004) Voltammetry
of osmium-modified DNA at a mercury film electrode: application
in detecting DNA hybridization. Bioelectrochemistry 63(1-2):
245-248

Xue D, Elliott CM, Gong P, Grainger DW, Bignozzi CA,
Caramori S (2007) Indirect electrochemical sensing of DNA hy-
bridization based on the catalytic oxidation of cobalt (II). J] Am
Chem Soc 129(7):1854-1855

Devi NB (2015) An overview of fabricating nanostructured elec-
trode materials for biosensor applications. Int J Electrochem Sci
10:8607-8629

LiF, XuY, YuX, YuZ He X, JiH, Dong J, Song Y, Yan H, Zhang
G (2016) A “signal on” protection-displacement-hybridization-
based electrochemical hepatitis B virus gene sequence sensor with
high sensitivity and peculiar adjustable specificity. Biosens
Bioelectron 82:212-216

Castro ACH, Fran¢a EG, de Paula LF, Soares MM, Goulart LR,
Madurro JM, Brito-Madurro AG (2014) Preparation of
genosensor for detection of specific DNA sequence of the hepatitis
B virus. Appl Surf Sci 314:273-279

Cabral DG, Lima EC, Moura P, Dutra RF (2016) A label-free
electrochemical immunosensor for hepatitis B based on
hyaluronic acid—carbon nanotube hybrid film. Talanta 148:209—
215

Ma C, Liang M, Wang L, Xiang H, Jiang Y, Li Y, Xie G (2013)
MultisHRP-DNA-coated CMWNTs as signal labels for an ultra-
sensitive hepatitis C virus core antigen electrochemical
immunosensor. Biosens Bioelectron 47:467-474

Huang S, Feng M, Li J, Liu Y, Xiao Q (2018) Voltammetric de-
termination of attomolar levels of a sequence derived from the
genom of hepatitis B virus by using molecular beacon mediated
circular strand displacement and rolling circle amplification.
Microchim Acta 185(3):206

Meirinho SG, Dias LG, Peres AM, Rodrigues LR (2016)
Voltammetric aptasensors for protein disease biomarkers detec-
tion: a review. Biotechnol Adv 34(5):941-953

Grieshaber D, MacKenzie R, Voeroes J, Reimhult E (2008)
Electrochemical biosensors-sensor principles and architectures.
Sensors 8(3):1400-1458

Mandli J, Attar A, Ennaji MM, Amine A (2017) Indirect compet-
itive electrochemical immunosensor for hepatitis a virus antigen
detection. J Electroanal Chem 799:213-221

Thévenot DR, Toth K, Durst RA, Wilson GS (2001)
Electrochemical biosensors: recommended definitions and classi-
ficationl. Biosens Bioelectron 16(1-2):121-131

K Gupta V, Nayak A, Agarwal S, Singhal B (2011) Recent ad-
vances on potentiometric membrane sensors for pharmaceutical
analysis. Comb Chem High Throughput Screen 14 (4):284-302

@ Springer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Tang D, Tang J, Su B, Ren J, Chen G (2010) Simultaneous deter-
mination of five-type hepatitis virus antigens in Smin using an
integrated automatic electrochemical immunosensor array.
Biosens Bioelectron 25(7):1658—1662

Hanaee H, Ghourchian H, Ziaece A (2007) Nanoparticle-based
electrochemical detection of hepatitis B virus using stripping
chronopotentiometry. Anal Biochem 370(2):195-200

Tang D, Yuan R, Chai Y, Zhong X, Liu Y, Dai J (2006)
Electrochemical detection of hepatitis B surface antigen using
colloidal gold nanoparticles modified by a sol-gel network inter-
face. Clin Biochem 39(3):309-314

Lazcka O, Del Campo FJ, Munoz FX (2007) Pathogen detection:
a perspective of traditional methods and biosensors. Biosens
Bioelectron 22(7):1205-1217

Narang J, Singhal C, Malhotra N, Narang S, PN AK, Gupta R,
Kansal R, Pundir C (2016) Impedimetric genosensor for ultratrace
detection of hepatitis B virus DNA in patient samples assisted by
zeolites and MWCNT nano-composites. Biosens Bioelectron 86:
566-574

Singhal C, Ingle A, Chakraborty D, PN AK, Pundir C, Narang J
(2017) Impedimetric genosensor for detection of hepatitis C virus
(HCV1) DNA using viral probe on methylene blue doped silica
nanoparticles. Int J Biol Macromol 98:84-93

Mashhadizadeh MH, Talemi RP (2016) Synergistic effect of mag-
netite and gold nanoparticles onto the response of a label-free
impedimetric hepatitis B virus DNA biosensor. Mater Sci Eng C
59:773-781

Liu H, Yang Y, Chen P, Zhong Z (2009) Enhanced conductometric
immunoassay for hepatitis B surface antigen using double-
codified nanogold particles as labels. Biochem Eng J 45(2):107—
112

Hassen WM, Chaix C, Abdelghani A, Bessueille F, Leonard D,
Jaffrezic-Renault N (2008) An impedimetric DNA sensor based
on functionalized magnetic nanoparticles for HIV and HBV detec-
tion. Sensors Actuators B Chem 134(2):755-760

Zheng J, Chen C, Wang X, Zhang F, He P (2014) A sequence-
specific DNA sensor for hepatitis B virus diagnostics based on the
host—guest recognition. Sensors Actuators B Chem 199:168-174
Erdem A, Ariksoysal DO, Karadeniz H, Kara P, Sengonul A,
Sayiner AA, Ozsoz M (2005) Electrochemical genomagnetic as-
say for the detection of hepatitis B virus DNA in polymerase chain
reaction amplicons by using disposable sensor technology.
Electrochem Commun 7(8):815-820

Zhang S, Tan Q, Li F, Zhang X (2007) Hybridization biosensor
using diaquabis [N-(2-pyridinylmethyl) benzamide-« 2 N, O]-cad-
mium (IT) dinitrate as a new electroactive indicator for detection of
human hepatitis B virus DNA. Sensors Actuators B Chem 124(2):
290-296

Ly SY, Cho NS (2009) Diagnosis of human hepatitis B virus in
non-treated blood by the bovine IgG DNA-linked carbon nano-
tube biosensor. J Clin Virol 44(1):43-47

Liu N, Li G-J, Liu S-F, Zhang S-S (2008) Electrochemical DNA
biosensor for the detection of interaction between di [azino-di (5,
6-azafluorene)-k 2-NN'] dichlormanganous and DNA. Sensors
Actuators B Chem 133(2):582-587

Mandong G, Yanqing L, Hongxia G, Xiaoqin W, Lifang F (2007)
Electrochemical detection of short sequences related to the hepa-
titis B virus using MB on chitosan-modified CPE.
Bioelectrochemistry 70(2):245-249

JuH-X, Ye Y-K, Zhao J-H, Zhu Y-L (2003) Hybridization biosen-
sor using di (2, 2"-bipyridine) osmium (III) as electrochemical
indicator for detection of polymerase chain reaction product of
hepatitis B virus DNA. Anal Biochem 313(2):255-261

Li X-M, Ju H-Q, Du L-P, Zhang S-S (2007) A nucleic acid bio-
sensor for the detection of a short sequence related to the hepatitis



Microchim Acta (2018) 185: 568

Page 23 of 24 568

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

B virus using bis (benzimidazole) cadmium (II) dinitrate as an
electrochemical indicator. J Inorg Biochem 101(8):1165-1171
Ding C, Zhao F, Zhang M, Zhang S (2008) Hybridization biosen-
sor using 2, 9-dimethyl-1, 10-phenantroline cobalt as electrochem-
ical indicator for detection of hepatitis B virus DNA.
Bioelectrochemistry 72(1):28-33

Li X-M, Ju H-Q, Zhang S-S (2008) Investigation of the interaction
between ssDNA and 2-Aminophenoxazine-3-one and develop-
ment of an electrochemical DNA biosensor. Oligonucleotides
18(1):73-80

Li X-M, Zhan Z-M, Ju H-Q, Zhang S-S (2008) Label-free elec-
trochemical detection of short sequences related to the hepatitis B
virus using 4, 4'-diaminoazobenzene based on multiwalled carbon
nanotube-modified GCE. Oligonucleotides 18(4):321-328

Li X-M, Ju H-Q, Ding C-F, Zhang S-S (2007) Nucleic acid bio-
sensor for detection of hepatitis B virus using 2, 9-dimethyl-1, 10-
phenanthroline copper complex as electrochemical indicator. Anal
Chim Acta 582(1):158-163

Niu S, Han B, Cao W, Zhang S (2009) Sensitive DNA biosensor
improved by Luteolin copper (II) as indicator based on silver
nanoparticles and carbon nanotubes modified electrode. Anal
Chim Acta 651(1):42-47

Erdem A, Kerman K, Meric B, Akarca US, Ozsoz M (2000)
Novel hybridization indicator methylene blue for the electrochem-
ical detection of short DNA sequences related to the hepatitis B
virus. Anal Chim Acta 422(2):139-149

Chen C-C, Lai Z-L, Wang G-J, Wu C-Y (2016) Polymerase chain
reaction-free detection of hepatitis B virus DNA using a nano-
structured impedance biosensor. Biosens Bioelectron 77:603-608
Wang S, Li L, Jin H, Yang T, Bao W, Huang S, Wang J (2013)
Electrochemical detection of hepatitis B and papilloma virus
DNAs using SWCNT array coated with gold nanoparticles.
Biosens Bioelectron 41:205-210

Shakoori Z, Salimian S, Kharrazi S, Adabi M, Saber R (2015)
Electrochemical DNA biosensor based on gold nanorods for de-
tecting hepatitis B virus. Anal Bioanal Chem 407(2):455-461

Ye Y, Zhao J, Yan F, Zhu Y, Ju H (2003) Electrochemical behavior
and detection of hepatitis B virus DNA PCR production at gold
electrode. Biosens Bioelectron 18(12):1501-1508

Nourani S, Ghourchian H, Boutorabi SM (2013) Magnetic
nanoparticle-based immunosensor for electrochemical detection
of hepatitis B surface antigen. Anal Biochem 441(1):1-7

Ding C, Li H, Hu K, Lin J-M (2010) Electrochemical immunoas-
say of hepatitis B surface antigen by the amplification of gold
nanoparticles based on the nanoporous gold electrode. Talanta
80(3):1385-1391

Shen G, Zhang Y (2010) Highly sensitive electrochemical strip-
ping detection of hepatitis B surface antigen based on copper-
enhanced gold nanoparticle tags and magnetic nanoparticles.
Anal Chim Acta 674(1):27-31

Hu Y, Zhao Z, Wan Q (2011) Facile preparation of carbon
nanotube-conducting polymer network for sensitive electrochem-
ical immunoassay of hepatitis B surface antigen in serum.
Bioelectrochemistry 81(2):59-64

Tang D, Yuan R, Chai Y, Fu 'Y, Dai J, Liu Y, Zhong X (2005) New
amperometric and potentiometric immunosensors based on gold
nanoparticles/tris (2, 2'-bipyridyl) cobalt (III) multilayer films for
hepatitis B surface antigen determinations. Biosens Bioelectron
21(4):539-548

de la Escosura-Muiliz A, Maltez-da Costa M, Sanchez-Espinel C,
Diaz-Freitas B, Fernandez-Suarez J, Gonzalez-Fernandez A,
Merkogi A (2010) Gold nanoparticle-based electrochemical
magnetoimmunosensor for rapid detection of anti-hepatitis B virus
antibodies in human serum. Biosens Bioelectron 26(4):1710—
1714

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Qiu J-D, Huang H, Liang R-P (2011) Biocompatible and label-
free amperometric immunosensor for hepatitis B surface antigen
using a sensing film composed of poly (allylamine)-branched fer-
rocene and gold nanoparticles. Microchim Acta 174(1-2):97-105
Zhuo Y, Yuan R, Chai Y, Zhang Y, lian Li X, Zhu Q, Wang N
(2005) An amperometric immunosensor based on immobilization
of hepatitis B surface antibody on gold electrode modified gold
nanoparticles and horseradish peroxidase. Anal Chim Acta
548(1):205-210

LiY,ChenK, Wei S, He J, MuJ (1993) A novel immunoelectrode
assay for hepatitis B surface antigen. Sensors Actuators B Chem
12(1):49-52

YuX,LvR,MaZ, LiuZ, Hao Y, Li Q, Xu D (2006) An imped-
ance array biosensor for detection of multiple antibody—antigen
interactions. Analyst 131(6):745-750

Tang D, Yuan R, Chai Y, Dai J, Zhong X, Liu Y (2004) A novel
immunosensor based on immobilization of hepatitis B surface
antibody on platinum electrode modified colloidal gold and poly-
vinyl butyral as matrices via electrochemical impedance spectros-
copy. Bioelectrochemistry 65(1):15-22

Huang K-J, LiJ, Liu Y-M, Cao X, Yu S, Yu M (2012) Disposable
immunoassay for hepatitis B surface antigen based on a graphene
paste electrode functionalized with gold nanoparticles and a
Nafion-cysteine conjugate. Microchim Acta 177(3—4):419-426
LuM, XuL, Zhang X, Xiao R, Wang Y (2015) Ag (I)-coordinated
hairpin DNA for homogenous electronic monitoring of hepatitis C
virus accompanying isothermal cycling signal amplification strat-
egy. Biosens Bioelectron 73:195-201

dos Santos Riccardi C, Dahmouche K, Santilli CV, da Costa PI,
Yamanaka H (2006) Immobilization of streptavidin in sol-gel
films: application on the diagnosis of hepatitis C virus. Talanta
70(3):637-643

Valipour A, Roushani M (2017) A glassy carbon immunoelectrode
modified with vanadium oxide nanobelts for ultrasensitive
voltammetric determination of the core antigen of hepatitis C virus.
Microchim Acta 184(11):4477-4483

Valipour A, Roushani M (2017) TiO2 nanoparticles doped with
Celestine blue as a label in a sandwich immunoassay for the hep-
atitis C virus core antigen using a screen printed electrode.
Microchim Acta 184(7):2015-2022

Ahour F, Pournaghi-Azar MH, Alipour E, Hejazi MS (2013)
Detection and discrimination of recombinant plasmid encoding
hepatitis C virus core/E1 gene based on PNA and double-
stranded DNA hybridization. Biosens Bioelectron 45:287-291
Ma C, Xie G, Zhang W, Liang M, Liu B, Xiang H (2012) Label-
free sandwich type of immunosensor for hepatitis C virus core
antigen based on the use of gold nanoparticles on a nanostructured
metal oxide surface. Microchim Acta 178(3-4):331-340
Valipour A, Roushani M (2017) Using silver nanoparticle and
thiol graphene quantum dots nanocomposite as a substratum to
load antibody for detection of hepatitis C virus core antigen: elec-
trochemical oxidation of riboflavin was used as redox probe.
Biosens Bioelectron 89:946-951

Hejazi M, Pournaghi-Azar M, Ahour F (2010) Electrochemical
detection of short sequences of hepatitis C 3a virus using a peptide
nucleic acid-assembled gold electrode. Anal Biochem 399(1):
118-124

Pournaghi-Azar M, Ahour F, Hejazi M (2010) Direct detection and
discrimination of double-stranded oligonucleotide corresponding to
hepatitis C virus genotype 3a using an electrochemical DNA biosen-
sor based on peptide nucleic acid and double-stranded DNA hybrid-
ization. Anal Bioanal Chem 397(8):3581-3587

Damborsky P, Svitel J, Katrlik J (2016) Optical biosensors. Essays
Biochem 60 (1):91-100

@ Springer



568

Page 24 of 24

Microchim Acta (2018) 185: 568

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Gupta VK, Mergu N, Kumawat LK, Singh AK (2015) A revers-
ible fluorescence “off-on—off” sensor for sequential detection of
aluminum and acetate/fluoride ions. Talanta 144:80-89

Gupta VK, Singh AK, Kumawat LK (2014) Thiazole Schiff base
turn-on fluorescent chemosensor for Al3+ ion. Sensors Actuators
B Chem 195:98-108

Zhu H, Lu F, Wu X-C, Zhu J-J (2015) An upconversion fluores-
cent resonant energy transfer biosensor for hepatitis B virus
(HBV) DNA hybridization detection. Analyst 140(22):7622-7628
Yue G, Ye H, Huang X, Ye W, Qiu S, Qiu B, Lin Z, Chen G (2014)
Quantification of DNA through a fluorescence biosensor based on
click chemistry. Analyst 139(22):5669—5673

Lu X, Dong X, Zhang K, Han X, Fang X, Zhang Y (2013) A gold
nanorods-based fluorescent biosensor for the detection of hepatitis
B virus DNA based on fluorescence resonance energy transfer.
Analyst 138(2):642—650

Wang X, Lou X, Wang Y, Guo Q, Fang Z, Zhong X, Mao H, Jin Q,
Wu L, Zhao H (2010) QDs-DNA nanosensor for the detection of
hepatitis B virus DNA and the single-base mutants. Biosens
Bioelectron 25(8):1934-1940

Mao X, Liu S, Yang C, Liu F, Wang K, Chen G (2016)
Colorimetric detection of hepatitis B virus (HBV) DNA based
on DNA-templated copper nanoclusters. Anal Chim Acta 909:
101-108

Yang L, Du F, Chen G, Yasmeen A, Tang Z (2014) A novel
colorimetric PCR-based biosensor for detection and quantification
of hepatitis B virus. Anal Chim Acta 840:75-81

Ding L, Xiang C, Zhou G (2018) Silica nanoparticles coated by
poly (acrylic acid) brushes via host-guest interactions for detecting
DNA sequence of hepatitis B virus. Talanta 181:65-72

Riedel T, Surman F, Hageneder S, Pop-Georgievski O,
Noehammer C, Hofher M, Brynda E, Rodriguez-Emmenegger
C, Dostalek J (2016) Hepatitis B plasmonic biosensor for the
analysis of clinical serum samples. Biosens Bioelectron 85:272—
279

Li M, Cushing SK, Liang H, Suri S, Ma D, Wu N (2013)
Plasmonic nanorice antenna on triangle nanoarray for surface-
enhanced Raman scattering detection of hepatitis B virus DNA.
Anal Chem 85(4):2072-2078

Kaminska A, Witkowska E, Winkler K, Dzigcielewski I, Weyher
JL, Waluk J (2015) Detection of hepatitis B virus antigen from
human blood: SERS immunoassay in a microfluidic system.
Biosens Bioelectron 66:461-467

R Rodriguez-Orozco A, Ruiz-Reyes H, Medina-Serriteno N
(2010) Recent applications of chemiluminescence assays in clin-
ical immunology. Mini reviews in medicinal chemistry 10(14):
1393-1400

Shourian M, Ghourchian H, Boutorabi M (2015) Ultra-sensitive
immunosensor for detection of hepatitis B surface antigen using
multi-functionalized gold nanoparticles. Anal Chim Acta 895:1—
11

Sabouri S, Ghourchian H, Shourian M, Boutorabi M (2014) A
gold nanoparticle-based immunosensor for the chemilumines-
cence detection of the hepatitis B surface antigen. Anal Methods
6(14):5059-5066

Yang B, Gong H, Chen C, Chen X, Cai C (2017) A virus reso-
nance light scattering sensor based on mussel-inspired molecularly
imprinted polymers for high sensitive and high selective detection
of hepatitis a virus. Biosens Bioelectron 87:679-685

Wang X, Li Y, Quan D, Wang J, Zhang Y, Du J, Peng J, Fu Q,
Zhou Y, Jia S (2012) Detection of hepatitis B surface antigen by
target-induced aggregation monitored by dynamic light scattering.
Anal Biochem 428(2):119-125

@ Springer

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Wang X, Li Y, Wang H, Fu Q, Peng J, Wang Y, Du J, Zhou Y,
Zhan L (2010) Gold nanorod-based localized surface plasmon
resonance biosensor for sensitive detection of hepatitis B virus in
buffer, blood serum and plasma. Biosens Bioelectron 26(2):404—
410

Choi Y-H, Lee G-Y, Ko H, Chang YW, Kang M-J, Pyun J-C
(2014) Development of SPR biosensor for the detection of human
hepatitis B virus using plasma-treated parylene-N film. Biosens
Bioelectron 56:286-294

XuH, GuD, He JaSL, Yao J, Liu C, Zhao C, Xu Y, Jiang S, Long
J (2015) Multiplex biomarker analysis biosensor for detection of
hepatitis B virus. Biomed Mater Eng 26(s1):52091-S2100
Zheng S, Kim D-K, Park TJ, Lee SJ, Lee SY (2010) Label-free
optical diagnosis of hepatitis B virus with genetically engineered
fusion proteins. Talanta 82(2):803—-809

Chung J, Kim S, Bernhardt R, Pyun J (2005) Application of SPR
biosensor for medical diagnostics of human hepatitis B virus
(hHBYV). Sensors Actuators B Chem 111:416-422

Uzun L, Say R, Unal S, Denizli A (2009) Production of surface
plasmon resonance based assay kit for hepatitis diagnosis. Biosens
Bioelectron 24(9):2878-2884

Qu F, Liu Y, Kong R, You J (2017) A versatile DNA detection
scheme based on the quenching of fluorescent silver nanoclusters
by MoS 2 nanosheets: application to aptamer-based determination
of hepatitis B virus and of dopamine. Microchim Acta 184(11):
4417-4424

Chuang T-L, Wei S-C, Lee S-Y, Lin C-W (2012) A polycarbonate
based surface plasmon resonance sensing cartridge for high sensi-
tivity HBV loop-mediated isothermal amplification. Biosens
Bioelectron 32(1):89-95

Huang C-W, Hsueh H-T, Huang Y-J, Liao H-H, Tsai H-H, Juang
Y-Z, Lin T-H, Lu S-S, Lin C-T (2013) A fully integrated wireless
CMOS microcantilever lab chip for detection of DNA from hep-
atitis B virus (HBV). Sensors Actuators B Chem 181:867-873
Cha BH, Lee S-M, Park JC, Hwang KS, Kim SK, Lee Y-S, Ju B-
K, Kim TS (2009) Detection of hepatitis B virus (HBV) DNA at
femtomolar concentrations using a silica nanoparticle-enhanced
microcantilever sensor. Biosens Bioelectron 25(1):130-135

Lee HJ, Namkoong K, Cho EC, Ko C, Park JC, Lee SS (2009)
Surface acoustic wave immunosensor for real-time detection of
hepatitis B surface antibodies in whole blood samples. Biosens
Bioelectron 24(10):3120-3125

Timurdogan E, Alaca BE, Kavakli IH, Urey H (2011) MEMS
biosensor for detection of hepatitis a and C viruses in serum.
Biosens Bioelectron 28(1):189-194

Lim SL, Ooi C-W, Tan WS, Chan E-S, Ho KL, Tey BT (2017)
Biosensing of hepatitis B antigen with poly (acrylic acid) hydrogel
immobilized with antigens and antibodies. Sensors and Actuators
B: Chemical

Konig B, Gritzel M (1995) A piezoelectric immunosensor for
hepatitis viruses. Anal Chim Acta 309(1-3):19-25

Zhou X, Liu L, Hu M, Wang L, Hu J (2002) Detection of hepatitis
B virus by piezoelectric biosensor. J Pharm Biomed Anal 27(1):
341-345

Yao C, Zhu T, Tang J, Wu R, Chen Q, Chen M, Zhang B, Huang J,
Fu W (2008) Hybridization assay of hepatitis B virus by QCM
peptide nucleic acid biosensor. Biosens Bioelectron 23(6):879—
885

Xu T, Miao J, Wang Z, Yu L, Li CM (2011) Micro-piezoelectric
immunoassay chip for simultaneous detection of hepatitis B virus
and o-fetoprotein. Sensors Actuators B Chem 151(2):370-376
Skladal P, dos Santos Riccardi C, Yamanaka H, da Costa PI (2004)
Piezoelectric biosensors for real-time monitoring of hybridization
and detection of hepatitis C virus. J Virol Methods 117(2):145-151



	Diagnosis...
	Abstract
	Hepatitis
	Conventional methods for viral hepatitis detection
	Biosensors
	Electrochemical biosensors
	Voltammetric biosensors
	Amperometric biosensors
	Potentiometric biosensors
	Impedimetric biosensors
	Conductometric biosensors

	Optical biosensors
	Fluorometric biosensors
	Colorimetric biosensors
	Surface plasmon resonance
	Surface-enhanced Raman scattering
	Other optical biosensors

	Piezoelectric biosensors
	Conclusion
	References


