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Abstract

The influenza virus is classified into four types A, B, C, and D, but type A and B are responsible for major illnesses in peo-
ple with influenza A being the only virus responsible for flu pandemics due to the presence of two surface proteins called
hemagglutinin (H) and neuraminidase (N) on the virus. The two subtypes of influenza A virus, HIN1 and H3N2, have been
known to cause many flu pandemics. Both subtypes change genetically and antigenically to produce variants (clades and
subclades, also know as groups and subgroups). H3N2 tends to change rapidly, both genetically and antigenically whereas
that of HIN1 generally tends to have smaller changes. Influenza A (H3N2) viruses have evolved to form many separate,
genetically different clades that continue to co-circulate. Influenza A(H3N2) viruses have caused significant deaths as per
WHO report. The review describes methods for detection of influenza A(H3N2) viruses by conventional serological methods
as well as the advanced methods of molecular biology and biosensors. All these methods are based on different parameters
and have different targets but the goal is to improve specificity and increase sensitivity. Amongst the molecular methods,
real-time polymerase chain reaction (RT-PCR) is considered a gold standard test due to its many advantages whereas a
number of other molecular methods are time-consuming, complex to perform or lack specificity. The review also considers
bio-sensing methods for simple, rapid, highly sensitive, and specific detection of H3N2. The classification and principle of
various H3N2 biosensors are also discussed.
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Introduction

Influenza is a respiratory disease that infects between 5 to
15% of the global population annually and responsible for
high mortality across the globe (Stohr 2002). According to
the latest report of the World Health Organization (WHO),
the cases of Influenza A(H3N2) viruses are present all over
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the world affecting more than 30% of the world population
(WHO update-362). The WHO estimates that these infec-
tions result in 250,000-500,000 deaths every year (Vemula
et al. 2016). The Influenza A(H3N2) virus caused many out-
breaks and was responsible for the 1968 pandemic. During
this pandemic, genetic re-assortment happened in the avian
influenza virus, which caused millions of deaths worldwide,
when got introduced in the human population (Shim et al.
2017).

The influenza virus is classified into 4 types (A, B, C and
D) of which influenza A and B cause illness but influenza
A, a member of Orthomyxoviridae family, causes pandemic.
Influenza A is further classified into different subtypes based
on the presence of hemagglutinin and neuraminidase sur-
face antigen. (CDC 2020) According to the CDC report,
18 different subtypes of hemagglutinin (H) and 11 different
neuraminidase (N) have been reported, which makes 198
combinations, of which only 131 are in circulation. HIN1
and H3N2 are the major subtypes of the influenza virus
that infect people at a large number. The focus is on H3N2
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subtype due to its rapid antigenic and genetic changes which
are responsible for severe infections. Influenza A(H3N2)
virus binds with an a-2,6 glycosidic bond between galac-
tose and sialic acid, as shown in Fig. 1. But its ability to
bind with avian receptors was also reported during 1999 iso-
lates. HIN1 and H3N?2 viruses have many differences at the
gene sequence level, which are also inherited at the amino
acid level. A comparison was made between these two virus
sequences with the help of a decision tree and apriori algo-
rithm and concluded that both subtypes are very similar
but differences in their amino acid composition are present
(Jang et al. 2016). In another study, they tested immunized
rabbit sera with H1 antigen, which did not show any activ-
ity against the Influenza A(H3N2) virus. Similarly, when
the rabbit was immunized with H3 antigen, no significant
HI titer was found against Influenza A(HIN1) virus. This
clearly explains the antigenic difference between the two
strains (Wang et al. 2006). From 2001 to 2002, the affinity
reduced for an avian receptor but regained in 2003 the abil-
ity to bind with a-2,3 sialylated glycans prefer to bind with
avian receptors (Wang et al. 2015). Thus, with time, mainly
from 1991 to 1998, some changes occurred due to antigenic
drift in Influenza A(H3N2) virus, which made it different
from the 1968 pandemic. According to a study of genome-
wide analysis of 286 Influenza A(H3N2) viruses, the rate

Avian respiratory cells

Respiratory epithelial cel

Human respiratory cells

Fig.1 An image showing different receptor specificities for avian
influenza virus and human influenza virus. Birds respiratory cells
have receptors (a-2,3 bond between sialic acid and galactose) for
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of mutation is more for surface antigens (hemagglutinin,
neuraminidase) and PB1-F2 proteins (Westgeest et al. 2014).
Another study reported local fitness landscape for the anti-
genic binding site (B), one of the five binding sites (A-E)
that also form a part of receptor-binding site and is evolving
as they proved with the use of deep mutational scanning of
mutant’s library of viruses. The local fitness landscape is a
study from genotype to phenotype in an available genetic
variant of the virus. Mutations in amino acid sequences at
the receptor-binding site affect the local fitness landscape
of antigenic binding site B (Wu et al. 2020). With time,
this subtype has changed its receptor-binding properties and
showed a reduced affinity for sialic acid analogs receptor
of the respiratory cell. Since 1968, numerous changes have
occurred in the Influenza A(H3N2) virus genetically and
antigenically through antigenic drift and many changes also
occurred in the WHO-recommended vaccine strains over
some time (Lin et al. 2017). The new substitutions affected
its neutralization activity and helped in escaping from
humoral immunity by gaining additional N-glycosylation
site, an asparagine (Asn) at position 45 and 144 (Ushiro-
gawa et al. 2016). Another study reported that Influenza
A(H3N2) virus has maintained the human-type specificity,
but has shifted their preference to receptors consisting of
extended poly-N-acetyl-lactosamine (poly-LacNAc) chains,

I =) Hemagglutinin

@ = H3N2 Virus
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avian influenza virus and human respiratory cells have different
receptors (a-2,6 bond between sialic acid and galactose)
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a specificity shared with the 2009 pandemic HIN1 (Cal/04)
hemagglutinin (Peng et al. 2017). The symptoms resemble
other respiratory viruses, which included headache, sore
throat, fever, nasal discharge, coughing, nasal discharge, and
myalgia. In the case of severity, pneumonia and bronchi-
tis could happen, which finally leads to death. The infected
patient produces ultrafine aerosol particles having a live
virus that was proved in a study in which samples were col-
lected by air samplers (Lednicky and Loeb 2013). H3N2
is more severe than HINI in the case of C-reactive pro-
tein, fever, and leukopenia-type diseases (Kaji et al. 2003).
In a study, it is proved that H3 is more immunogenic than
H1 (Treanor et al. 2006). All these evidences suggest that
the rapid evolution of the virus produces significant chal-
lenges in the recognition and diagnosis of these diseases
(Blackburne et al. 2008). Therefore, researchers are con-
stantly finding new ways and methods for the faster charac-
terization of Influenza A(H3N?2) virus, as timely diagnosis
of H3N2 is essential for early treatment. Several detection
methods are available, but Real-Time PCR is a standard test
as recommended by the WHO. According to the latest report
of WHO, the cases of H3N2 are present all over the world
affecting more than 30% of the world population (Influenza
Update-362-WHO). Once this has been determined, then
a rapid test can be developed solely to monitor the clade
(group) and subclade (subgroup) during a pandemic. A flow
diagram to demonstrate similarity and different requirements
of the methods has been included. We describe here various
methods for the detection of H3N2.

Detection techniques of Influenza A(H3N2)
virus

Influenza virus detection techniques have been classified into
four categories: traditional methods, serological methods,
advanced quick methods, and bio-sensing methods. Virus
culture comes into the class of traditional methods. The
serological techniques include immunofluorescence assays,
complement fixation, immunodiffusion test, virus neutrali-
zation method, hemagglutination method, rapid antigen
testing, etc. It has been observed that instead of nasal and
throat swabs, nasopharyngeal swabs yield higher in rapid
influenza detection (CDC 2018). After serological meth-
ods, advance and quick methods are discussed which are
based on the molecular biology of elements. It includes rapid
influenza technique, Real-Time PCR, multiplex PCR, Non-
PCR-based RNA-specific detection methods, nucleic acid
sequence-based amplification (NASBA), and conventional
PCR. The bio-sensing method includes optical biosensors,
giant magneto-resistance biosensors, aptamer-based bio-
sensors, and electrochemical biosensors. We present here
a comprehensive discussion on all the methods available

for the detection of H3N2 with an emphasis on bio-sensing
methods. Earlier, we reported various detection methods for
HINI1 (Chauhan et al. 2013; Ravina et al. 2020). A flow
diagram is shown explaining important parameters about
the methods in Fig. 2.

Traditional methods
Cell culture

The culturing of the virus was started in the 1940s and
is considered to be the oldest conventional and recom-
mended method for the diagnosis of influenza to study
antigen characterization of new strains (McMullen et al.
2016). Although it is an old method, it is followed by the
researchers for the surveillance, virus antigen characteri-
zation, and the isolation of the virus. The embryonated
eggs or mammalian cells are used for the propagation
of the influenza virus for its recovery from clinical sam-
ples. In this method, the infectious samples are inocu-
lated into the embryonated eggs or permissive cell lines
and followed by one-week propagation (up to 10 days).
Afterwards, the cytopathic effect is observed, and virus
infection is checked by different methods, such as using
immunofluorescence microscopy and molecular methods
(Vemula et al. 2016). This viral isolation technique is usu-
ally executed on formerly established cell lines, such as
A549, rhesus monkey kidney (LLC MK2), Madin Darby
canine kidney (MDCK), buffalo green monkey kidney
(BGMK), and mink lung epithelial cell line (Mv1Lu), or
primary cell lines, such as African green monkey kidney
(AGMK) or rhesus monkey kidney (RhMK). MDCK cell
lines are usually preferred for H3N2, but recently it has
been observed that replicating efficiency is poor in these
cell lines and sharply build up either NA or HA muta-
tions when in vitro propagation is done before antigenic
testing (Chambers et al. 2014). MDCK cells have both
a2,6 and a2,3-linked SA receptors and allow both avian
and human influenza viruses to be cultured from this cell
line with high HA titers (hemagglutination). Nevertheless,
during the past years, a favorable binding of Influenza
A(H3N2) virus isolates to a2,6-linked SA molecule has
been observed (Medeiros et al. 2001; Yang et al. 2015;
Parker et al. 2016). But the amount of a-2,6 receptors on
MDCK cells is low as compared to human respiratory
cells. Hence, it is concluded that these cells are not good
for H3N2 virus propagation. To solve this problem, a new
version of MDCK SIAT1 with more a2,6-sialic acid on its
surface was developed. Human CMP-N-acetylneuraminate
beta-galactoside was used for the transfection of MDCK
cells, to make them MDCK SIAT]1 cells. It also helped in
increasing the sensitivity for neuraminidase inhibitors with
the over-expression of a2,6-sialyltransferase in MDCK
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Fig.2 A flow diagram to demonstrate similarity and different requirements of the methods is shown. All methods have their specific role in

detection but selection of method is done according to the requirement

cells (Matrosovich et al. 2003). It was also reported that
viruses that emerged in 2001, when compared with 1968
isolates of Influenza A(H3N2) virus, showed a decreased
ratio of MDCK cell infection in comparison with MDCK
SIAT1 cells (Barr et al. 2010; Oh et al. 2008). Although,
this method is very useful for the surveillance, virus anti-
gen characterization, and the isolation of the virus. But
cannot be used for detection purpose due to its laborious
procedure and the requirement of sustainable for virus cul-
turing which cannot be maintanied everywhere.

Serological methods

These assays are generally used to diagnose antibodies
response against the influenza virus. The serological tests
include hemagglutination inhibition assay (HAI), virus neu-
tralization assay (VN) or microneutralization, single radial
hemolysis (SRH), complement fixation assay, enzyme-linked
immunoabsorbent assay (ELISA), and Western blotting (Li
et al. 2017). Due to the sample collection complexity, such
as paired serum samples, these tests are not recommended
routinely. The first swab should be collected at the onset of
infection, and the second swab must be taken 2—4 weeks
post infection. However, this test is cheap and simple, but
the specificity of this assay is not satisfactory (CDC 2020).
The following serological tests have been reported.
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Virus neutralization (VN) assay

This technique measures the induction of antibodies specific
to the virus, which follows vaccination or natural infection.
It is performed routinely for antibody titer detection of either
avian or seasonal influenza virus strains. This test is chiefly
based on virus-specific antibodies’ ability to neutralize the
virus. The virus neutralization titer is the reciprocal value
of the highest serum dilution at which infection is blocked.
Due to the requirement of highly specialized laboratories
(BSL2 +and BSL3 laboratories), the application of this test
does not apply for routine diagnostics. However, this test is
more sensitive than the HAI assay (Li et al. 2017).

Enzyme-linked immunoassay (ELISA)

ELISA tests are accessible for the diagnostic purpose since
the 1990s that possesses high specificity and sensitivity
(Leirs et al. 2016). The major drawback of this test is its low
specificity in comparison to nucleic acid-based tests. In con-
ventional tests, the color change is observed due to the inter-
action of specific antigen—antibody and immunocomplex-
enzyme linkage for viral detection (Lin et al. 2017; Barbé
et al. 2009). Some scientists have worked on intensifying the
sensitivity of the ELISA test using europium and gold nano-
particles. In a study by Zhang et al., europium nanoparticles
were used to develop an immunoassay (ENIA), which has
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16 times more sensitivity for influenza virus A and B strain
than ELISA (Zhang et al. 2014). Another study reported
an ultra-sensitive colorimetric immunoassay. In this assay,
gold nanoparticles (AuNPs) imitate the peroxidase role to
enhance the signal. It can detect as low as 10 plaque-forming
units of isolated H3N2, having sensitivity up to 500-fold,
which is higher than other available kits. It is much more
sensitive even in different biological media as compared to
ELISA (Ahmed et al. 2016). This test helps in determining
the potency of a new antiviral drug against the virus pre-
sent in the patient’s respiratory tract. The different dilutions
of clinical samples into virus susceptible cells were used
to observe the increment in viral progeny with the help of
hemagglutination because the influenza virus usually has
erythrocyte-binding capacity. But currently, circulating virus
has a reduced affinity of hemagglutination. It was observed
in the Netherlands from 1999 to 2012 when the H3N2 virus
was HA deficient. Another method has been reported for
monitoring influenza progeny production in quantitative
virus culture, which is free of the ability to agglutinate
erythrocytes. In this method, viral nucleoprotein (NP) was
detected in virus culture plates by ELISA and provided good
results with different isolates of A/Brisbane/059/07 (HINT1),
A/Victoria/210/09 (H3N2), A (HIN1)pdm09, and other sea-
sonal A(HIN1), H3N2. In complementary, NP became the
way to check titer because of the absence of HA activity.
Many type A (H3) viruses that have circulated since 2010,
failed to show HA activity and then the titer was checked
only by detecting NP. In influenza seasons when non-hemag-
glutinating influenza A viruses circulated, the clinical trials
were done using the ELISA technique that enabled efficient
testing (Van Baalen et al. 2014). Although, ELISA is very
specific test but it takes 2—3 days in determining the virus
type. Single sample cannot be performed with ELISA which
is used for batch testing to reduce the cost of test.

Haemagglutinin inhibition assay

The haemagglutinin inhibition assay is based on inhibition
interaction between red blood cells receptor and glycopro-
tein. It is a conventional method for antigenic characteri-
zation and antibody titre determination. This technique is
used for surveillance of circulating flu viruses that aid in the
selection of virus strains for the vaccine. But in comparison
to HAI titer < 1:10, an HAI titer > 1:40 are linked to 50%
or higher protection from influenza infection (Pavlova et al.
2017; Wang et al. 2017). This test faced many industrial
confronts, like inconsistencies between erythrocytes batches
from the same species and variations among erythrocytes
from different species. The efficiency of binding of influenza
HA to the host SA relies on both the SA-type and linkage-
type, which connects the SA and receptor molecule through
oligosaccharide moiety (Medeiros et al. 2001). Moreover,

Influenza A(H3N2) viruses are no longer able to aggluti-
nate RBCs of aves but have the capacity of agglutinating
human and guinea RBCs. Both human and guinea pig RBCs
show nearly threefold more 2,6 than @2,3-linked SA mol-
ecules in comparison to avian RBCs, which indicates that
the modern H3N2 viruses favorably bind to a2,6-linked
SA molecules (Gulati et al. 2013). During surface biolayer
interferometry (BLI) assays analysis, H3N2 viral binding
to polyacrylamide-linked polyvalent receptor analogues of
a2,3-sialyl lactosamine and a2,6-sialyl lactosamine dem-
onstrate an analogous trend of recent Influenza A(H3N2)
virus’s positive binding to a2,6-linked molecules (Peng et al.
2017). That is why many scientists nowadays use guinea pig
RBCs as HAI assay targets during H3N2 virus analysis (Lin
et al. 2012; Barr et al. 2010). The antibody—antigen complex
formed in the SRH method instigates the extent of hemolysis
areas, which are proportional to antibody’s quantity. Usually,
this technique is used for determining antibody titre in vacci-
nations and natural infections (Wang et al. 2017). SRH pro-
vides higher sensitivity than HAI assay. First, viruses were
assorted with diluents or serially diluted with ferret antise-
rum, then pre-incubation was done for at least one hour at
room temperature, afterwards freshly made cell suspension
was united and seeded onto 96-well plates. Particularly, to
avoid the extent of virus progeny towards adjacent cells, the
TPCK-treated trypsin was removed. After a brief incubation
period of 24 h, the cells were stained using Hoechst 33,342,
and the cells infected by the virus were detected using
immune stain against influenza NP. Automated microscopy
that uses a high-content imaging microplate reader was used
to detect and quantify the NP-negative and NP-positive cells.
HINT titers were resolved using the reciprocal dilutions of
the anti-sera which were used to decrease the population
of infected cells (ICP) by 50% in comparison to the wells,
which were kept as control without serum with the help
of curve fitting analysis. Traditionally, antigenic monitor-
ing was done by HI assay. Influenza virus forms agglutina-
tion with RBC’S host receptors, and strain-specific animal
antisera induce inhibition of agglutination. But nowadays,
H3N2, unable to agglutinate with RBC, makes diagnosis
more difficult as circulating viruses remain undiagnosed
by HI assay. The alternate method was derived by a High-
content Imaging-based micro-Neutralization Test (HINT) in
which by the use of a low multiplicity of infection, the assay
was optimized to demonstrate single-cycle infection. It is
also helpful for explaining the change in HA due to amino
acid substitution, which helps in immune escape. This assay
can also diagnose in the host body, which may be used for
virus population characterization without cell culture. This
assay can be employed in viral characterization in human
specimens, featuring the upcoming perspective of the assay
towards the antigenic characterization of the virus popu-
lation. This novel practice is an encouraging approach to
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accelerate the diagnosis of antigenic drift variants between
quickly developing influenza A (H3N2) viruses (CDC 2020;
Jorquera et al. 2019). One major drawback of this test is
the variation in inter-laboratory results. That is why other
specific and sensitive methods are required.

Lateral flow assay

It is an antigen—antibody-based method exercised on a paper
strip, which can detect analytes from samples. Now many
modifications have been reported, in this assay, which pro-
vides better sensitivity and specificity. A dual-recognition
element lateral flow assay was developed for the detection
of the H3N2 virus with a detection limit of 2 x 10° virus
particles. In this method, an aptamer tagged with biotin at
5'-3" was used with gold-conjugated less-specific antibody
to detect the whole virus (Le et al. 2017). Similarly, this
lateral flow assay has provided a way to detect COVID-19
quickly without the need for expensive instruments.

Nucleic acid-based tests

Nucleic acid tests (NAT) employ PCR and virus-specific
RNA or DNA sequences/genetic material instead of viral
antibodies or antigens. These are much susceptible and spe-
cific as compared to serological assays and can diagnose
viruses in many earlier clinical samples. Antibody-based
test takes time because human body cannot make antibod-
ies instantly at a detectable level. Therefore, NAT can fill
this limitation of serological methods. Different NATSs are
accessible for influenza virus detection in humans, and these
tests include nucleic acid sequencing-based amplification
(NASBA), reverse transcriptase PCR (RT-PCR), loop-
mediated isothermal amplification-based assay (LAMP),
transcription-mediated amplification. Most of these methods
take 2—4 h to complete the detection and representing the
higher specificity and sensitivity as compared to the sero-
logical test (Vemula et al. 2016).

RT-PCR

This technique is considered the most powerful tool for the
detection of the influenza virus. Nested primers are uti-
lized to detect and subtype influenza virus. The results of
this test present extremely high sensitivity and specificity,
the greatest of all traditional detecting approaches (Gavin
and Thomson 2004). The methodology of the test includes
extraction of viral RNA from the specimen, RNA reverse
transcription to single-stranded complementary DNA (ss-
cDNA) by reverse transcriptase, and product amplification
with fluorescent detection. RT-PCR method shows 10°
and 10? times higher sensitivity to ELISA and cell culture
methods. The process of merging several primer sets in
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the multiplex RT-PCR technique permits the detection of
numerous respiratory viruses in a single reaction. There-
fore, the key advantage of this technique is the low cost, as
RT-PCR is most expensive and requires 1-8 h along reac-
tion time (Koski and Klepser 2017). A multiplex one-step
Real-time PCR was developed for simultaneous detection
of HIN1, H3N2, and H7N9 in sputum and swab samples.
Influenza type A was confirmed with the help of the matrix
gene and then H3, H7, and H1 gene-specific primers were
used in this test. This method could detect these viruses with
100% sensitivity and >95% specificity with a limit of detec-
tion 5.4 x 1072 50% tissue culture infective dose (TCIDs). A
one-step multiplex real-time reverse transcriptase polymer-
ase chain reaction (rRT-PCR) test was set up to concomi-
tantly notice and differentiate FluA subtypes, together with
a virulent disease (HIN1) 2009 virus, human seasonal H3N2
virus, and reassortant avian H7NO virus, in a single reaction
tube. Total viral RNA from viral culture or each sample was
taken out, and the precise recognition of FluA virus and its
subtypes was executed through a multiplex rRT-PCR assay
by amplifying a specific region of HA (hemagglutinin) gene
(Lee et al. 2001). In a study, multiplex RT-PCR was used for
differentiation of Influenza A(H3N2) virus of Avian-Origin
from Human-Origin H3N2 also with, Equine-Origin H3N8
and H1N1/2009 using four primers set for HA gene ampli-
fication (Wang et al. 2017). MDCK cells were used for iso-
lation of FluA virus by conventional methods using BSL-2
laboratory for pandemic (HIN1) 2009 and human Influenza
A(H3N2) virus, and BSL-3 laboratory was used for the reas-
sortant avian H7N9 virus. Each fresh sample was inocu-
lated with MDCK cells. The cultured cells were harvested
by centrifuging at low speed (8000 g/min) by observing the
cytopathogenic effect of virus-infected cells. The harvested
cells were used for sequence assay and detected using H3
gene-specific primers in PCR. This multiplex test offered a
quick and simple technique for clinical diagnostics and viral
observation in influenza A and its subtypes (Cui et al. 2016).
A commercialized dual priming oligonucleotide-based mul-
tiplex PCR method was developed for influenza virus A,
B, and subtypes of A (HIN1, H3N2) detection (Seeplex®
Influenza A/B OneStep Typing, Seegene, Seoul, Korea).
In this method, two primers linked with polydeoxyinosine
were used and can differentiate between influenza A and B
and different subtypes of A (H3, H1, and HIN1-2009 (Kim
et al. 2013). Reverse transcriptase Real-time PCR is also the
best choice for SARS-CoV-2 detection nowadays, as recom-
mended by WHO in 2020.

LAMP
LAMP is a DNA loop-mediated isothermal nucleic acid

amplification technique that has been fabricated for the rec-
ognition of several viruses. It is evaluated by a method of
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using a Bst polymerase (otherwise reverse transcriptase is
used for RNA samples), which has high strand displacement
action (Notomi et al. 2000). Two sets of primers are particu-
larly designed to distinguish six different regions on the viral
cDNA. Results are noticed by either noticing the change in
colour after the addition of SYBR green or photometrically
detecting the magnesium pyrophosphate by-product released
after the reaction. A 100% test sensitivity has been reported
for recognition of seasonal influenza A virus from H3N2
and HIN1 subtypes from clinical samples using primers for
the matrix gene (Poon et al. 2005). They also used the same
technique for the severe acute respiratory syndrome (SARS)
corona virus detection (Poon et al. 2004). A colorimetric
RT-LAMP was also developed for SARS-CoV-2 using
primers against the nucleoprotein gene with sensitivity and
specificity of 97.5 and 99.7%. A change in color from red to
yellow confirmed the presence of the virus (Thi et al. 2020).

NASBA

NASBA is an isothermal PCR-independent amplification
technique, which uses a blend of three enzymes: RNAse H,
T7 RNA polymerase and avian myeloblastosis virus reverse
transcriptase in sole reaction. It was well developed for the
diagnosis of seasonal influenza type A and highly patho-
genic avian H7N9 and H5N1 influenza A viruses. Lately,
Wang et al. (2013) have generated a customized method of
NASBA and referred to as a simple method for amplifying
RNA targets, or SMART, for the detection of seasonal HIN1
and pHINI as well as Influenza A(H3N2) viruses (Wang
et al. 2013). This isothermal technique employed single-
strand DNA (ssDNA) probes to assist as reporter molecules
for seizing precise viral RNA (VRNA) sequences, which are
consequently separated on a microfluidic chip in zero-flow
circumstances. The SMART test confirmed an analytical
sensitivity of up to 10°vVRNA copies/ml with a test sensitiv-
ity of 98.3% and specificity of 95.7% for the detection of
influenza A viruses. Influenza A(H3N2) virus-specific probe
gives 95% sensitivity and 100% specificity.

Bio-sensing techniques

Biosensing techniques are the most recent development in
the identification and diagnosis of the virus (Wang et al.
2011). The fabrication of a typical biosensor is based on
three main components: a biological component (enzyme,
protein, ssDNA, RNA, antibody/antigen, carbohydrate
group, and cells), amplification/processing element, and
a signal-transducing component (optical, electrical, or
thermal). The mode of transduction relies on the type of
physicochemical change, which results in a sensing event.
A basic design of the sensor is shown in Fig. 3. Different
types of sensors have been reported for detecting a variety of

pathogens. These sensors are based on DNA, RNA, aptamer,
PNA, protein, antigen—antibody for detecting targeted patho-
gens (Ravina et al. 2019; Kumar et al. 2020). Nowadays,
sensors are developed with the use of aptamers which are a
synthetic oligonucleotide or protein folded in three-dimen-
sional form and can bind specifically to target non-covalently
and can differentiate between targets with a single functional
group (Ruscito and DeRosa 2016). The binding affinity and
specificity of the aptamer are high. Aptamers are taken from
records of nucleic acids by frequent rounds of the assortment
and an amplification procedure recognized as the in vitro
genetic selection strategy. This method was established more
than two decades ago and diverse aptamers were chosen in
opposition to a broad variety of targets, together with small
molecules, simple ions, peptides, organelles, proteins, and
viruses (Gold et al. 1995; Osborne and Ellington 1997;
Wilson and Szostak 1999; Cho et al. 2009). The binding
specificity and affinity of aptamer were achieved against the
associated target, which was corresponding or exceeded the
affinity achieved between antigens and antibodies. Further-
more, in contrast to antibodies, aptamers are small in size
and easier to produce. Besides, many modifications were
able to integrate, and these also did not have immunogenic-
ity and toxicity. Due to these compensations, aptamers have
been used in many applications, including diagnostics, imag-
ing, and therapeutic purposes, Gopinath et al. (2008), stud-
ied another aptamer assortment method of influenza type
A virus (H3N2). They incorporated entire H3N2 cells as
targets and aptamers were selected, which specifically bind
to the HA protein present on the virus surface. The affinity
among HA proteins and aptamers was 15-fold greater than
the affinity among HA protein and monoclonal antibodies.
Moreover, the determination and detection of influenza
virus, aptamers have another advantage, that it is stated
as a trustable contestant for prophylaxis and treatment of
influenza virus infections. An example of this advantage is
DNA aptamers, which exclusively target the H3N2 influenza
virus, and their antiviral activity in vitro was also described.
These aptamers were thought to destroy virus entry, and thus
decrease the infection procedure speed so that the immune
system of the host has instance to react to infection (Gopi-
nath et al. 2008; Anthony et al. 2010; Dougherty et al. 2015).
Many sensors are developed for the detection of H3N2 using
different methodologies. The same principles are also fol-
lowed by SARS-CoV-2 detection quickly. These H3N2 bio-
sensors can be classified into the following subclasses:

Optical immunosensor

A waveguide sensor was fabricated to detect the Influenza
A(H3N2) virus. Gold nanoparticles (AuNPs) were used to
increase the signal, which is thought to be a striking tool
for bio-nano sensor fabrication and absorb visible light at
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520 nm, because of plasmons excitation (Nagel et al. 2011;
Tinguely et al. 2011). To detect the virus, AuNP- conjugated
anti-A/Udorn/307/1972 antibody was used together with a
silicon-based sensing plate operating in a waveguide manner
to identify the Influenza A(H3N2) virus (A/Udorn/307/1972
and A/Brisbane/10/2007) (Gopinath et al. 2013). An optical
system with Surface plasmon excitation was used to develop
a sensor with a self-assembled monolayer with -COOH
group combined with anti-HA antibodies against the H3N2
virus for better sensitivity and higher intense fluorescence
using a prism-shaped fluidic channel to get optimum inci-
dent light. It can detect 0.2 HAunits ml~! of the influenza
virus in 1-2 pl of the sample (Nomura et al. 2013).

Impedimetric biosensor

A glycan-based impedimetric biosensor was fabricated
for detecting Influenza A(H3N2) virus particles. Gly-
cans are composite carbohydrates, implicated in a lot of
physiological and pathological processes, such as immune
response, tumor metastasis, molecular recognition, inflam-
mation, and cell signaling, in living organisms infected
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by bacteria/viruses (Cecioni et al. 2015; Pritchard et al.
2015; Cao-Milan and Liz-Marzan 2014; Rogowski et al.
2016). Various authors fabricated glycan-based biosensors
(Cui et al. 2017) because these are ordinary viral recep-
tors with a specific selectivity for pathogenic subtypes.
This impedimetric sensor was fabricated by immobiliz-
ing glycan on a self-assembled monolayer composed of
OEG-COOH (oligoethylene glycol). These simple modi-
fications help in reducing the cost and time for detecting
the virus and make it a cost-effective method as compared
to costly antibodies with LOD 13 viral particles per 1 uL
level (Hushegyi et al. 2016).

A boron-doped diamond sensor was prepared using a
diamond electrode, which was functionalized with poly-
clonal anti-M1 antibodies to recognize the common bio-
marker for the influenza virus, M1 protein. A change in
impedance spectra happened after the incorporation of the
M1 protein with anti-M1 sites of the electrode. A LOD
of 1 fg/ml in saliva buffer was achieved for the M1 bio-
marker, which corresponds to 5-10 viruses for each sam-
ple in 5 min (Nidzworski et al. 2017).
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QCM immunosensor

The quartz crystal microbalance (QCM) was employed to
develop immunosensor for influenza virus detection (Sasaki
et al. 2007; Hewaet al. 2009; Owen et al. 2007). Several
attempts were made for the detection of influenza antibodies
and then individual differences were found in the process of
attaching the electrode surface. A crystal surface was used
instead of gold nanoparticles (AuNPs) for the detection of
influenza A virus (VR-544, H3N2), which was based on the
attachment of viral antigen and polyclonal IgG antibodies in
opposition to the antigen. Conversely, determination through
AuNPs was carried out because of the growing sensitivity
of the QCM immunosensor for the influenza virus recogni-
tion. These methods were applied to three types of influenza
viruses H3N2, H5N1, and HIN1 (Hewa et al. 2009).

SERS immunosensor

In 2017, a SERS immunosensor was developed based on
surface-enhanced Raman scattering (SERS) spectroscopy
for the detection of inactivated Influenza A(H3N2) virus
(A/Shanghai/4084 T/2012) by making a sandwich complex
consisting of SERS tags, target influenza viruses, and highly
SERS-active magnetic supporting substrates. This substrate
allowed the enrichment and separation of viruses from a
complex matrix. With a portable Raman spectrometer, the
immunosensor could detect H3N2 down to 10> TCID50/mL
with a good linear relationship from 10? to 5 x 10* TCID50/
mL (Sun et al. 2017).

GMR-based biosensor

A Giant magneto-resistance (GMR)-based biosensor was
developed using monoclonal antibodies of nucleopro-
tein (vNP) in amalgamation with magnetic nanoparticles
(MNPs). The existence of the influenza virus allowed the
binding of MNPs to the GMR sensor. This binding was pro-
portional to the concentration of the virus. MNPs do not
bleach, no ferromagnetism property in biological samples
(Krishna et al. 2016). Using swine influenza virus H3N2v as
a representative virus, the limit of detection (LOD) of GMR
biosensor assay was 1.5 x 10? TCIDs,/mL virus. A compari-
son of GMR biosensor with ELISA proved that GMR bio-
sensor was more sensitive than ELISA (Zhang et al. 2014).

Aptamer-based biosensor

A surface-enhanced Raman scattering-based aptamer sen-
sor was developed for H3N2 virus detection. The primary
aptamers and secondary aptamer were created specifically
for the hemagglutinin of the H3N2 virus. SiO,-covered
silicon plate with silver zones was used for this test. The

primary aptamer was attached with metal nanoparticles of
the sensor followed by virus binding and then secondary
aptamer. High sensitivity with high specificity was obtained
for influenza strains with a LOD of 10* virus particles per
sample (Kukushkin et al. 2019).

Plasmonic contrast imaging biosensor

A plasmonic contrast imaging biosensor was also prepared
based on the measurement of the intensity differentiation
among the p- and s-polarization images at plasmonic excita-
tion. At plasmonic resonance, only the p-polarization light is
excited, while s-polarization light remains the same. Image
intensity subtraction amid both polarizations can abolish
general system noise and enhance sensor resolution. In
refractive index measurements, the sensor resolution was
found to be 4.36 x 1077 RIU. The plasmonic contrast imaging
sensor has been demonstrated for H3N2 influenza antibody
detection and DNA-DNA molecular binding detections. The
detection limit was found to be 8.6 nM (320 ng mL™") for
Influenza A(H3N2) virus antibodies. The sensor resolution
for DNA molecule detection was 38 nM (Wong et al. 2019).

Localized surface plasmon resonance (LSPR)-based
fluorescent nanosensor

This biosensor was developed using quantum dots
(CdSeTeS) conjugated with anti-hemagglutinin antibody
(anti-HA Ab) simultaneously with gold nanoparticles
thiolated with L-cysteine which are conjugated with anti-
neuraminidase antibodies. Both antigens are targeted in this
work using a separate binding agent like AuNPs and quan-
tum dots. When antigen interacts with antibody, localized
surface plasmon resonance will generate from gold nano-
particles which enhance the immune-fluorescence signal of
alloyed CdSeTeS quantum dots. Using quantum dots along
with AuNPs increases the fluorescent signal and sensitivity
of the sensor for the concentration of the sample. The sensor
has a limit of detection of 10 PFU/mL for clinically isolated
Influenza A(H3N2) virus (Takemura et al. 2017).

Conclusion and future perspective

Since the introduction of Influenza A(H3N2) virus in 1968,
a lot of antigenic changes have happened in the virus. It
has added numerous N-linked glycans to the surface of HA
protein and has increased the overall net charge of the HA
molecule, changed their preferences in receptor-binding, and
altered the ability of neuraminidase (NA) to agglutinate red
blood cells before host entry (Allen and Ross 2018). The
mutations were also reported in viruses, such as N158-linked
glycosylation in HA, HA F193S substitution, HA T135K,
and/or I192T, which rapidly alters the genotype/phenotype
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Table 1 A comparison of all analytical methods for detection of the Influenza A(H3N2) virus is explained in the table

S.N Detection method Target Time L.OD Specificity Sensitivity References

1 Minor groove binder HA gene - 16.5 standard DNA - - (Wang et al. 2011)
TagMan assay copies

2 Waveguide-mode HA antigen - 86,103 PFU/ml - - (Gopinath et al. 2013)
sensor

3 Optical biosensor Virus - 0.2 HAU/ml - - (Nomura et al. 2013)

Europium nanoparti- Nucleoprotein - 1.00% 10%° EIDsy/ml 100% 90.7% (Zhang et al. 2014)

cle-based immuno-
assay

5 RT-PCR Viral RNA 20-30 min - >95% 100% (Cui et al. 2016)

6 GMR biosensor Nucleoprotein (NP) - 1.5x 10> TCID50/mL  — - (Krishna et al. 2016)

7 Glycan based biosensor Lectin - 13 viral particles/ul - - (Hushegyi et al. 2016)

8  Multiplex one-step HAgene - 4.8 % 10! copies per >95% 100% (Cui et al. 2016)
real-time RT-PCR reaction
assay

9 LSPR nanosensor HA, NA antibody - 10 PFU/mL - - (Takemura et al. 2017)

10 SERS immunosensor ~ Whole virus - 10TCIDs,/mL - - (Sun et al. 2017)

11 Multiplex RT-PCR NP protein - 1x10° TCIDs,/100 pl - - (Wang et al. 2017)
assay

12 Antibody modified Anti-M1 antibodies - 1 fg/ml - - (Nidzworski et al. 2017)
boron-doped dia-
mond

13 DFA Viral antigen 2-4h - 80-100% 70-100% (Dziabowska et al. 2018)

14 LAMP Viral RNA 2h - 100% 97.8% (Dzigbowska et al. 2018)

15  SERS aptasensor HA protein of whole 12 min 10* virus particles per  — - (Kukushkin et al. 2019)

virus

sample

All methods detect a different analyte of the same virus at a different detection time with a limit of detection value

DFA direct fluorescent antibody, GMR giant magneto-resistance, LAMP loop-mediated isothermal amplification-based assay, LSPR localized

surface plasmon resonance, SERS surface-enhanced Raman scattering

of the virus. Different simulations are used for the early pre-
diction of virus mutations. Antigenic drift in 3C.3a clades
which is currently circulating reported vaccine ineffective-
ness in people and making them vulnerable against the virus.
A study about vaccine effectiveness was performed with
Influenza A(H3N2) virus patients of the 2018-2019 influ-
enza seasons in the U.S.A (Castro et al. 2020). The Reverse
Transcriptase polymerase chain reaction (PCR) was used for
testing samples, and the hemagglutinin gene segment was
sequenced for genetic analysis. There is a decrease in the
effectiveness of vaccines on current patients due to antigenic
drift in the Influenza A(H3N2) virus of 3C.3a clade which
is circulating currently and suggesting an update in vaccine
components. In a study, phylodynamic simulations were
used to predict in advance the future virus strains that will
dominate on earth. These types of studies help in making
vaccines production fast without wasting time in strain selec-
tion (Flannery et al. 2020). So, diagnostic methods have to
be modified according to the new assorted or mutated virus
for detection. All the methods reported in the review have
different sensitivity and specificity as mentioned in Table 1.
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Old methods are time-consuming and laborious, and
some of them are infectious too. Whereas biosensors are
providing fast results, good sensitivity, specificity, and
are easy to perform. Thus, with changing virus detec-
tion methods, the biosensors are also evolving to catch
the virus at the earliest to save human life and global
economic burden due to pathogenic infections. As these
viruses evolve and change their receptor-binding ability,
specificities, charge at proteins, virulence, and resistance
against human immunity, it becomes essential to make a
joint effort by collaborating with multiple disciplines of
science to study the changed behavior of the virus.
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