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H1N1 (Swine flu) is caused by influenza A virus, which is a member of Orthomyxoviridae
family. Transmission of H1N1 occurs from human to human through air or sometimes from
pigs to humans. The influenza virus has different RNA segments, which can reassert to make
new virus strain with the possibility to create an outbreak in unimmunized people. Gene
reassortment is a process through which new strains are emerging in pigs, as it has specific
receptors for both human influenza and avian influenza viruses. H1N1 binds specifically with
an α-2,6 glycosidic bond, which is present in human respiratory tract cells as well as in pigs.
Considering the fact of fast multiplication of viruses inside the living cells, rapid detection
methods need an hour. Currently, WHO recommended methods for the detection of swine flu
include real-time PCR in specific testing centres that take 3–4 h. More recently, a number
of methods such as Antigen–Antibody or RT-LAMP and DNA biosensors have also been
developed that are rapid and more sensitive. This review describes the various challenges
in the diagnosis of H1N1, and merits and demerits of conventional vis-à-vis latest methods
with special emphasis on biosensors.

Introduction
Virus borne infectious diseases are the major concern of today’s world, every day new viruses are caus-
ing outbreaks and old viruses are becoming stronger. One such virus is influenza virus, which has four
types A, B, C and D. Importantly, influenza type A and B are responsible for major outbreaks compared
with type C and D, which are less virulent, genetically stable and infect animals only. Based on antigenic
composition, influenza A is further classified into different subtypes depending on two major surface
antigens, hemagglutinin (HA) and neuraminidase (NA), which are further classified into several types.
HA is classified into 18 different types and NA is classified into 11 different types [1,2]. Swine flu is a fatal
contagious respiratory disease caused by A (H1N1) pdm09 influenza virus of Orthomyxoviridae family.
In April 2009, a novel Influenza virus (H1N1) emerged in Mexico, which aired all around the world within
week and WHO declared it global pandemic of phase 6 level on 11 June 2009, which ended on 10 August
2010 with several deaths worldwide (WHO report). It was first detected in 1930 in pigs as classical swine
H1N1 in the United States after 1918 pandemic of H1N1 [3,4]. This virus was a result of quadruple reas-
sortment in triply assorted virus with Eurasian (Europe and Asia) swine virus, in which one of the viruses
was descendent of 1918 strain [5]. It is a negative sense single-stranded RNA virus having eight segments,
which codes for transcriptase, surface glycoproteins, hemagglutunin (HA), neuraminidase (NA), matrix
protein and nucleocapsid proteins [6,7,8]. It is a spherical virus with 80–120 nm filament with symmetric
helical nucleocapsid. HA and NA are responsible for the binding of a virus with sialic acid of respiratory
tract cells and release of viral progeny from infected cells, respectively. HA of different viruses recognizes
different receptors on host cells in which human influenza virus specifically recognizes α, 2-6 glycosidic
bond between sialic acid and galactose on respiratory cells but avian influenza virus specifically binds with
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Figure 1. A basic mechanism showing new strain development of H1N1 by antigenic shift, and its transmission in human

Pig has receptors for avian influenza virus as well as for human influenza virus (α-2,3 bond between sialic acid and galactose, α-2,6

bond between sialic acid and galactose, respectively).

α, 2-3 glycosidic bond. Pigs have both types of sialic acid receptors for antigens, which are possessed by virus of avian
or human susceptibility. Thus, they act as a mixing vessel and provide a site for genetic re-assortment, which results
into antigenic shift [9,10,11]. A general diagram is shown in Figure 1.

Symptoms of influenza are similar to that of common influenza virus and include fever above 104◦F for more
than 3 days, headache, coughing, sore throat, vomiting, chest pain, hypotension, severe dehydration and nausea [12].
Influenza was reported first time with certainty in 1932 but before that it was reported in great historical Greek
writings of 412 BC and later on many times in each century. In the 20th century, pandemics occurred four times, first
time reported in Spain known as Spanish flu (H1N1) and responsible for deaths of approximately 50–100 million
people all around the world [13]. Initially, it was assumed as a disease of pigs but later when pigs and human both
were infected at the same time, then it was speculated that the disease transmits from pigs to human [14] when isolated
first time in 1931 in a laboratory from infected pig by [4]. After 40 years in 1957, another subtype (H2N2) caused
pandemic and was responsible for the death of 1–2 million people. It was first detected in China [15] in February
1957 and within 5 months it was found in 20 countries [16]. It was a mild influenza pandemic with a fatality rate of
0.67% [17]. After a decade, new subtype of influenza A (H3N2) caused pandemic in Hong Kong in 1968 in which
500,000–2 million deaths were reported worldwide [18,19]. After that, in April 2009, a novel influenza virus emerged
at pandemic level in Mexico of phase 6 declared by World Health Organization (WHO) [20,21]. Every year Influenza
A (H1N1)pdm09 takes thousands of lives worldwide and in 2019, according to national centre for disease control
(NCDC) of India, 17,366 suspected cases of swine flu were reported with 530 confirmed deaths till 3 March. These
numbers are increasing day by day (NCDC, Seasonal Influenza (H1N1), 2019) [22].

Vaccines are available for influenza virus presenting an effective tool but have to be structured every year to cover
all changes due to antigenic drift in RNA. A number of changes have been performed recently to increase effectiveness
of immune system of body, and to speed up antibody production in case of a seasonal and pandemic emergence. Im-
portantly, universal influenza virus vaccine development is currently in its preclinical and clinical phase [23]. There
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are many diagnosis methods like enzyme linked immunosorbent assay (ELISA), complement fixation test (CF), dou-
ble immunodiffusion (DID), hemahgglutinin inhibition (HI) and real-time polymerase chain reaction (RT-PCR), but
some takes 4–5 days for confirmation and some are less specific. The severity of infection increases with time there-
fore, there is a need for early detection of infection. RT-PCR is a method of choice for confirmation of disease but it
is labour intensive and costly. This assay shows 97% accuracy and limit of detection (L.O.D) is 0.1–102 PFU/ml. This
method is specific, accurate and highly sensitive for all strains of influenza A, but it also takes time [24–27]. Biosensors
hold good capability to convert today’s diagnostic methods into fast analytical powers by reconstituting their sensing
behaviours for the detection of any nano-sized objects, like antibody, biomolecules and pathogens. Therefore, current
sensing methods need a continuous upgradation to solve all growing challenges for the diagnosis of a virus. A good
description was featured to cover up all challenges, the principle and types of biosensors and their applications in the
diagnosis of distinct infectious diseases [28]. Currently, nanotechnology based sensors are used for rapid, sensitive and
cost-effective diagnostics of pathogens. Different nanomaterials have different applications and promote interactions
between these nanomaterials and the virus, which help in developing portable biosensing tool for electro-analytical
analysis for effective detection of the influenza virus [29]. In 2018, an immunosensor for the detection of influenza
virus H9N2 was developed. Antibodies against matrix protein 2 (M2) were attached to iron magnetic nanoparticles
(MNPs) for isolation of virus from allantoic fluid. Then another biomolecule, Fetuin A, was attached to gold nanopar-
ticles (AuNPs), and used for the analysis of the virus using the benefit of fetuin–hemagglutinin interaction. The iso-
lated MNP-Influenza virus-AuNP complex was treated with an acid solution and AuNPs were electrodeposited onto
a screen printed carbon electrode. The sensor can tell influenza virus A/H9N2 at < 16 HAU titer, which is propor-
tional to current signal [30]. In this review, we are presenting detailed information about all diagnostic methods, old
as well as new for A(H1N1)pdm09 (swine flu) detection with special emphasis on biosensors.

Diagnostic methods for A (H1N1)
It is challenging to diagnose pathogen in case of influenza, because it shows similar symptoms like rhinoviruses,
parainfluenza, adenoviruses and respiratory syncytial virus. Influenza virus spreads quickly within 24 h and can be
collected within 2–5 days from nasal and tracheal–throat swabs that are introduced in transport media to keep them
alive until transportation to specific laboratories and media sample to detect influenza quickly. A large number of
tests are possible for detection, which have different specificity based on the type of detection factor that can be
antibody production, direct culturing in cell and nucleic acid amplification detection like RT-PCR and RT-LAMP
as shown in Figure 2. These methods help in early treatment of a patient before converting infection into a severe
case. All available detection methods for detection of A (H1N1) pdm09 with their analytic characteristics, merits and
demerits are mentioned in Tables 1 and 2. Earlier, Chauhan et al. [31] reviewed some methods of influenza A(H1N1)
detection such as viral culture, rapid antigen tests, direct immune fluorescence (DFA) and RT-PCR.

The detection methods of influenza A(H1N1) can be classified as follow:

1. Clinical diagnosis
i. Virus culture

ii. Immunofluorescence test
i. Complement fixation

ii. Double immunodiffision test
iii. Single radial-immunodiffusion test
iv. Enzyme linked immunosorbent assay
v. Hemagglutination inhibition

2. Surveillance method
(A) Advance and quick methods

i. PCR-based detection methods
ii. Non PCR based RNA specific detection methods

(B) Biosensors
i. Optical biosensors

ii. Potentiometric biosensor
iii. Impediametric biosensors
iv. Amperometric biosensor
v. Piezoelectric biosensor

vi. Magnetic biosensor
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vii. Thermometric biosensor

Clinical diagnosis
A viral infection stimulates the immune system in the body that further results in the production of antibodies,
and the level of antibodies is reported to increase between 8th and 14th day of viral infection [32]. Checking the
presence and measuring the concentration of these antibodies can be used as a diagnostic tool for influenza virus.
These antibodies are specific; however, the immune system takes time to produce these antibodies at a detectable level
thus reduces the chances of decreases. There are several tests are based on serological analysis, complement fixation,
double immunodiffusion, hemagglutination inhibition assay (HIA) test and enzyme immunoassay test (EIA). Some
biosensors are also reported, which are based on same antigen–antibody binding affinity.

Virus culture
Culturing of the virus in cells shows changes in cells morphology, behaviour etc. The major cell types that have been
used are Madin Darby canine kidney (MDCK), monkey kidney cells and A549 cells. Virus samples are used to infect
the established cell lines for 7–10 days to see the cytopathic effect on cells and different cells show different levels
of effect with 100% specificity and 86–94% sensitivity [33]. New commercial mixed cell lines (R-Mix cells, R-mix
Too) are also available, which have more sensitivity than other cell lines and take less time. These are hybrid of A549
with MDCK cells and Mink Lung epithelial cells, respectively (microlab). R-mix Too cells were used for the detection
of A(H1N1)pdm09 using kit D3 Ultra 2009 H1N1 ID kit [34]. Confirmation has been done by typing of virus with
fluorescent antibodies, which could be easily seen by immunofluorescence microscopy. It was the only method before
the development of other methods [35]. However, many labs also used this method with other methods in parallel,
as it require many days in the detection of pathogen type, so cannot be used for timely bound detection.

Immunofluorescence tests
Immunofluorescence method takes 2–4 h in detecting influenza virus; cells from the sample are fixed on a glass slides,
stained and bioconjugated with antibodies with the fluorescent dye and it takes 2–4 h for detection in microscope.
Sensitivity and specificity is 70–100% and 80–100%, respectively [36]. Polyclonal or monoclonal antibody produced
in an animal against whole virus inoculation can be used for the detection of the virus. A tissue sample infected with
viruses are chilled before processing, and the procurement of the results of this method takes several hours [37]. So, the
maintenance of these tissues also becomes problematic. These methods are less expensive and provide fast response
but the sensitivity is not as high as that of PCR. Also, there is a chance of infection to the laboratory personnel.

Complement fixation
It was a traditional method for influenza virus detection using anti-sera for two stable, type specific antigens (nucle-
oprotein and matrix protein). These antigens are same in all strains of same type of virus. Nucleoprotein and matrix
protein are the most stable antigens that have been used for the typing of virus [38]. This test detects the presence of
complement fixing antibodies in patient serum. The concentration titer of complement fixing antibodies increases
only when infection happens with influenza virus but remains constant or change negligibly with other upper respira-
tory virus infections [39,40]. Complement fixation test has two steps: (1) complement fixation stage and (2) indicator
stage. The first step involves the addition of antigen and complement in an inactivated serum for a defined period.
Serum is pre-heated at 56◦C for one-half hour to inactivate any anti-complementary molecules. The second step in-
volves the addition of erythrocytes (sheep cells) to check the hemolysis. If antibodies are absent from sera complement
remains free and hemolysis of erythrocytes takes place [41]. Different dilutions of antigen or antibodies are used for
the detection of influenza [42]. This test is useful in detailing the group specificity and also a number of pathogens
can be checked at a single time. However, it is time consuming, laborious and requires specific and costly reagents.
Another limitation of this test is that it cannot distinguish different strain of the same type of virus [43,44].

Double immunodiffusion test
Double immunodiffusion (DI) for typing of influenza viruses was performed using 1–1.5% agarose [45]. Separate
wells were used for typing of influenza A and B in single time using nucleoprotein and matrix protein. Reference
antigens and antiserums were diffused in selected wells. Strains that were to be typed were diffused in separate wells
for both type A and type B for successful identification of all strains. DID can type virus quite sensitively but virus
have to be cultured before typing and low virus titer also limit its use commercially. It is also time consuming and
laborious method.
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Table 1 Various kits for H1N1 detection

S.No.
Name of diagnostic
method Target Sensitivity Specificity Reference

1 Immunochromatographic
assay based rapid
diagnostic kits

NP protein 2 × 105 viral copies/kit 100% [101]

2 SD Bioline Influenza Ag
A/B/A(HINI) Pandemic

– 77% 100% [102]

3 RapidSTRIPE test HA 88% 94% [103]

4 Immunochromatography
(IC) rapid diagnostic test
kits

HA, NP 49.4%, 79.5% 93%, 100% [104]

5 Rapid fluorescent
immunochromatographic
strip test

NP protein 85.29% 100% [105]

Notes: NP, nucleoprotein; HA, hemagglutinin.

Figure 2. A generalized representation of all different area of detection methods for H1N1
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Table 2 Various biosensors for detection of A (H1N1) virus

S.N.o Sensor type Gene/protein Sensitivity/L.O.D Sample type Detection time References

1 AuNP immunosensor HA, NA antibody 50.5 pg/ml H1N1 virus – [54]

2 Fluorescent
immunosensor

HA/fusion antibody Not reported H1N1 Virus – [73]

3 Surface plasmon
resonance

HA 4.5 pmol l-1 H1N1 Virus – [74]

4 Immunosensor /SPR HA /antibody 30 PFU/ml labelled anti-HA 20 min [75]

5 Immunosensor M1/polyclonal
antibody

80–100 virions/μl H1N1 virus 30 min [79]

6 PEDOT with galatcose HA binding 0.12, 0.013 HAU H1N1 virus – [80]

7 BDD M1 antibody 1 fg/ml antibody-M1 5 min [83]

8 SiO2-IO HA antibody 103–105 PFU H1N1 virus – [84]

9 SWCNT immunoassay anti- HIN1 180 TCID50ml H1N1 Virus – [88]

10 Impedance aptasensor DNA aptamer 0.9 pg/μl H1N1 virus – [89]

11 DPM-coated gold
electrode

His6-H1 HA 1 × 109 to 1 × 108

fold
HA antibody in sera – [90]

12 QCM immunosensor Anti-MA 1 × 103 pfu/ml H1N1 virus >100 min [95]

13 FET Biosensor HA binding 6000 HA mol/20 μl HA protein – [112]

Notes: HAU, hemagglutinin unit; TCID, tissue culture infective dose; PFU, plaque forming unit; PEDOT, Poly (3,4-ethylenedioxythiophene); DPM,
dipyrromethene; BDD, Boron doped diamond; HA, hemagglutinin; MA. Matrix.

Single radial-immunodiffusion test
This method can be used to check the antigenicity of virus hemagglutinin and content of hemagglutinin in test anti-
gens [46,47] and also provides extra control for antigenic structure of vaccine [48]. It is a simple process, in which
specific antibodies are separated from serum against HA and antigen is poured in wells of agarose gel. Diffusion of
antigens in gel is responsible for the formation of an annulus of precipitation of antigen–antibody. A series of different
known concentration of antigen in agarose helps in determining the concentration of unknown antigen or virus titre.
It can detect antigenic differences in HA that cannot be detected by DI. It is reproducible, simple and sensitive for
antigenic composition and used for antigeniclly active antigen detection [49].

Enzyme linked immunosorbent assay (ELISA)
ELISA is a very specific and sensitive method for influenza detection. In 1993, a sandwich ELISA was tested in which
monoclonal anti-NP antibody attached on plate wells coupled with biotinylated polyclonal anti- A(H1N1)pdm09
whole virus antibodies developed in rabbit was used for detection of nucleoprotein antigen of influenza A virus. This
method could detect 10 ng/ml of pure culture. Sensitivity was high because of the use of biotin-avidin signal ampli-
fication method [50]. A new sandwich ELISA based diagnostic study was performed during 2009 A(H1N1)pdm09
influenza pandemic. In this ELISA, specific monoclonal antibodies and horseradish-peroxidase linked rabbit anti-HA
polyclonal antibodies against HA protein were used. This kit was developed by Xiamen University, China. They re-
ported overall sensitivity (0.57) was higher of ELISA than rapid influenza diagnostic kit QuickVue Influenza A+B
test (0.43). The sensitivity of both test varied according to the different viral load. It was 100% at high viral load
and then decreased with low viral load. ELISA sensitivity decreases after 105 (log 10/ml) viral load but QuickVue
Influenza A+B test sensitivity decreases after 107 (log 10/ml) viral load [51]. In a different study, 1086 sera were anal-
ysed from 43 swine herds for different reference strains (H1N1, H3N2, H1N2, H1N1pdm) using ELISA with HI test
and it was found that ELISA sensitivity and specificity were higher than HI that were 72.65% and 63.01%, respec-
tively, for the detection of these strains [52,53]. According to these studies, ELISA cannot detect infection at an early
stage. A new ELISA-based immunosensor was developed using AuNP (gold nanoparticles) for improved sensitiv-
ity. EDC-NHS was used for the binding of anti-HA with AuNP that was already treated with a layer of formic acid
(HCOOH). A(H1N1)pdm09 viruses having HA on surface binds with antibodies and secondary antibodies conju-
gated with (+) AuNP against NA antigen were used. Electrostatic interactions between nanoparticles and antibodies
help in increasing the surface area for antibodies that helps in increasing sensitivity. More the number of antibodies
binds with nanoparticles, and more antigens can be captured that help in increasing the sensitivity of the procedure.
The catalytic activity of gold nanoparticles toward TMB-H2O2 makes it oxidized, which further causes a change in
colour and gives a signal [54].
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Hemagglutination inhibition
Hemagglutinin inhibition is an assay that was used to check the virus antigenic type, subtype classification specificity
of antibodies for hemagglutinin subtypes and to confirm the infection of influenza [55,56]. It is a simple and easy
method for detection that requires simple technique and material. Hemagglutination is a property of hemagglutinin
antigen found on the surface of virus and can bind with sialic acid of RBCs to form a complex that is known as
hemagglutination reaction [57]. In this assay, hemagglutination is inhibited by adding antibodies specific for hemag-
glutinin that prevents antigen to bind with RBC and to form complex. Different dilutions of antibody were prepared
and poured into well which already contain antigens. A positive result does not show agglutination in well. Repro-
ducibility of HI is very low and sometimes cross reaction with other viruses also occurs. Standardization of HI assay
can increase reproducibility of this test [58]. In a study, 120 people were tested for current strain of influenza using
HI and CF and concluded that HI is more sensitive but less specific than CF [59]. In another study, HI is suggested
to be better for subtype detection of influenza than EIA and CF [60]. HI provides better results than CF in detecting
the response of antibodies for influenza vaccines in which HI shows 91.2% sensitivity, 25.7% specificity as compared
which 38.7% sensitivity and 85% specificity of CF [61].

Advance and quick methods for influenza detection
Rapid influenza detection tests (RIDTs)
RIDT is also known as point of care immunoassay based detection test for influenza virus that can detect virus within
30 min and helps in timely treatment of patient. It detects viral antigens mostly nucleoprotein in respiratory samples
and gives coloured signal. RIDTs can be tested in three formats- dipstick, cassettes and cards. These tests are helpful
in fast detection but can produce false positive results with poor sensitivity. Analytical sensitivity differs according
to the specimen type, skills of technicians, time after infection and age of patient etc. In a study, NanoSign Influenza
A/B kit was used for testing of 1023 samples and the resulted data were then compared with conventional RT-PCR. It
was observed that the sensitivity and specificity of both the tests were found 79.4% and 97.2% respectively with 94%
concordance [62]. Another study reported the results of QuickVue Influenza A+B(Quidel) rapid influenza antigen
test that was performed on 1538 patients and the sensitivity and specificity was found 20% and 99%, respectively
[63]. Although RIDT can easily differentiate between influenza A and influenza B; however, it cannot differentiate
between subtypes of influenza A that makes it less favourable and further testing is required for confirmation [64].
In an another study thar performed during 2009 influenza A H1N1 outbreak, a comparison was carried out between
TruFlu rapid influenza A and B, rapid assay Directigen EZ detection and Direct Immuno Flourecence assay (DFA) test
with Real-time PCR for detection of swine origin influenza virus (S-OIV). Sensitivity of both rapid influenza test and
DFA test were 9.7%, 20.6%, 32.35% respectively and the specificity were 98.2%, 99%, 99% respectively in comparison
with RT-PCR. According to all these studies, these POC test are less sensitive and cannot be used for 100% accuracy
[65].

PCR based detection methods
Polymerase chain reaction (PCR) is the method of choice that is currently in use for swine flu detection and for
many other pathogens also. It can be reverse transcriptase based PCR and real-time PCR. Every time WHO publish
guidelines for the detection of swine flu. Basically in a two step RT-PCR, RNA first has to be converted into cDNA
using reverse transcriptase enzymes and then in second step random hexamers are used for amplification of segments.
Whereas, in one step RT-PCR gene specific primers with reverse transcriptase enzyme were added in one flow. Virus
type specific differentiation is carried out using matrix gene amplification because matrix gene shows conservation
in virus that makes it useful for the typing of influenza. Subtyping is carried out with HA gene using specific primers.
These methods are very sensitive, but take long time for confirmation. Testing is carried out at Specific centres which
further delay diagnosis and make condition of patient severe. In 1999, a reverse transcription based polymerase chain
reaction was developed to differentiate between two different subtypes of influenza A H1 and H3. Test was held in both
for egg derived isolates and also from lung tissue homogenates. Positive samples were confirmed using immunological
assays and it was found that sensitivity was 88.2%, 70% and specificity was 100%, 95.2% in case of egg fluids and
lung tissue homogenates respectively [66]. A new real-time PCR and conventional RT-PCR assay was developed for
detection of novel A(H1N1)pdm09, which can discriminate seasonal H1N1 viruses from other subtypes and also
between other swine viruses and human H1 types successfully [67]. A number of studies also reported development
of multiplex real-time PCR assay based on matrix gene for detection of reverse zoonotic influenza infection H1N1
pdm2009 from endemic swine influenza viruses [68]. These PCR assays provide good results but on the other hand
they are laborious and expensive too.
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Figure 3. A basic concept of geno and immunosensor

Non PCR-based RNA specific detection methods
Loop-mediated isothermal amplification is an excellent, specific and sensitive one step amplification method for de-
tection of pathogens. Its fundamental property is that it does not require any high profile machine for processing
like real-time PCR and conventional PCR for amplification. It can amplify even in hot water bath. By adding reverse
transcriptase, it can also be applied for the detection of RNA viruses. Generally, four primers were used that recog-
nizes six different sites on target DNA [69]. A specific RT-LAMP method was developed for specific evaluation and
subtyping of influenza viruses by [70]. In this method, two sets of forward primer and two sets of inner primers were
used in which one set recognizes outer region and the other set recognizes inner region and gives a result with 93.8%
specificity. Some researchers also add two extra primers for loop regions that increase its sensitivity and specificity. All
primers, DNA polymerase (isolated from Bacillus stearothermophilus), reverse transcriptase (avian myeloblastosis
virus (AMV)), template RNA with all buffers are included in a single reaction tube like PCR, but it follows a different
amplifying process. Further, strand displacement is considered to be the most important step as it determines the
time for completion of the process.

Biosensors for H1N1 detection
Early detection of dreadful diseases is always necessary, but present methods are not so fast and differentiating; there-
fore the development of a new method is required that can produce specific as well as quick results. For the first time,
biosensor was developed by Clark and Lyon in 1962 for glucose detection in blood using immobilization of glucose
oxidase enzyme [71]. Different types of biosensors have been developed to date based on different biological analytes
such as antigen–antibody, enzyme based, protein based, DNA–RNA based, thermal and piezoelectric biosensors [72].
The biosensor can sense any biological object like DNA, RNA, PNA, protein, enzyme, antigen and antibody based
on their affinity to bind with their complementary segments. A basic biosensor has four components, as shown in
Figure 3, a biological analyte, a transducer, an amplifier and a processor. When a biological component binds with
a receptor that is already pre-attached to the surface of electrode, it can be enzyme–ligand, antigen–antibody, DNA,
RNA that generates a signal in the form of current/charge, heat and gas that is then transformed by a transducer into
a readable form. Transducers convert molecular changes in the detectable form and a large number of materials have
been used for development of transducers that can be applied for biosensor development. Many nano-sized transduc-
ers are available at commercial level that can be carbon nanotubes, gold nanoparticles, semiconductor nanoparticles,
perfluorocarbon, silver, organic polymers (MPA, PEI), amino acids, nanofibres and nanotubes. These transducers can
provide high sensitivity, high binding affinities and good conductivity and better electrical connections. Biosensors
can be classified into different types based on their method of result interpretation, as shown in Figure 4.

There are optical biosensors, electrochemical, piezoelectric and conductometric biosensor. These biosensors can
have different variations in term of visual detection methods such as fluorescent biosensor, luminescent, colorimetric
and interferometric as shown in Figure 4 in case of optical biosensor. These biosensors can detect changes at micro-
scopic level and a number of studies are reported that involves the detection of pathogens using biosensors. They
provide better results in short time with greater sensitivity and high specificity and even at small cost with easy pro-
cessing in comparison with other conventional methods. Some of the reported biosensors for swine flu detection are
as follow-
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Figure 4. Areas classified for different biosensors development for diagnosis of H1N1

Optical biosensors
Optical biosensors are based on the detection of the pathogen through the change in color or production of color
during reaction between analyte and target and a number of variations based on the type of visual method are re-
ported in optical biosensors such as fluorescent biosensor, luminescent, colorimetric and interferometric biosensors.
Perceptible changes in optical biosensors occur by two means: change in visual characteristics of sensing area when
analyte binds with target as happens in surface plasmon resonance (SPR) or by labelling the analyte with a specific
fluorescent molecule that gives visual signals. A fluorescent immunosensor was specially designed for detection of
antigen or antibody in sera against A (H1N1) pdm09 [73]. In this study, the plastic based microfluidic sensor was de-
veloped that further coated with gold in detection channels of the sensor. They used gold-binding polypeptide (GBP)
recombinant influenza hemagglutinin antigen fusion protein as a receptor on surface of the microfluidic chip that
has three detection zones for different concentrations. GBP has an excellent binding affinity for gold and does not
require any modification on surface of sensor. An antibody with specific fluorescence label (Cy3-labeled anti-H1 Ab)
was used as a signal for detection through microchannels. With increasing concentration of fluorescent labeled anti-
body, the signal also increases, which was verified using confocal microscopy. These immunosensor provide us cost
effective, easy handling and it takes less time as compared with other detection methods. Surface plasmon resonance
is an optical electronic process where a polarized light hits on the metal surface or at the contact between solutions
of different refractive indexes. It is a label free technique that gives information in real time about not only binding
capability between protein–protein, DNA, antigen–antibody but also binding kinetics of different molecules at their
molecular level. It can give information about the real-time binding of molecules at what rate by interpreting the bind-
ing curve. It was proved by using neomembranes made of bovine brain lipid having sialoglycolipids on HPA sensor
chip. The binding was best at 30–35◦C temperature as compared with 10◦C and proved that rate of binding increase
with increasing concentration of free NANA (N-acetylneuraminic acid) not only in the presence of only viruses with
increased free energy change 3 kJ mol-1 during transition complex formation. Thus, SPR is a technique to analyse or
measuring binding reaction of molecules at real time [74]. However, the sensitivity of the SPR technique is not good
at ultralow concentrations therefore better sensitivity was achieved by using paired surface plasma waves biosensor
(PSPWB) with heterodyne technique and integrated with normalization of amplitude. However, it was difficult to
avoid drifts and noise which makes its purpose for ultra-low concentration detection difficult. A new improved SPR
biosensor with electro-optic modulator (EOM) was used to produce optical heterodyne signals. It was sensor that
detects cultured isolated virus in mimic solution with the help of antibody against heamagglurinin (H1). It was a dual
channel paired surface plasma waves biosensor that has detection limit 30PFU/ml, calculated by using fitting curve of
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SPR signals with respect to S-OIV(swine origin influenza A virus) sample concentration. They reported it as a more
sensitive method that takes less than 20 min as compared with available rapid influenza diagnostic kit test however,
not as sensitive as real-time polymerase chain reaction that have theoretical LOD 3.5 PFU/ml as reported in their
study and 1.8 × 102 PFU/ml. It was a good attempt for better sensitivity and early detection [75]. A rapid aptamer
based sensor was developed for detection of avian influenza virus (AIV) H5N1 in animals and humans. Aptamer
was used as the specific recognition element in a portable surface plasmon resonance (SPR) biosensor in poultry
swab samples. The immobilized aptamers captured AIV H5N1 in a sample solution, responsible for an increase in
the refraction index (RI). This sensor can detect 0.128–12.8 HAU in 1.5 h of H5N1 [76]. Another study reported a
fluorescent aptasensor for the detection of recombinant hemagglutinin (rHA) protein of the H5N1 influenza virus in
human serum. Guanine-richen anti-rHA aptamers were captured on the surface of the Ag@SiO2 nanoparticles via
SELEX technique to make a metal-enhanced fluorescence (MEF) sensor. A fluorescent tag Thiazole orange (TO) was
used as to the G-quadruplex secondary structural induced by aptamer-rHA binding event. When rHA protein was
absent, TO remains free in the solution with almost no fluorescence emission. When rHA protein was added to the
solution, the aptamer strand bound rHA protein to form a stable G-quadruplex complex, which can bind TO and
excite the fluorescence emission of TO. Ag@SiO2 nanoparticles enhance the surface plasmon resonance that can be
transformed into more efficient fluorescence emission signals, thus amplify the fluorescence signal and can detect a
limit of 2 and 3.5 ng/ml in 30 min, without the requirement of fluorophores. [77]. A SPR based biosensor was de-
veloped by immobilizing nine respiratory virus-specific oligonucleotides in an SPR chip. To increase the biosensor
sensitivity, biotin was used to label the PCR primer and further amplify the signal by introducing streptavidin after
hybridization. This biosensor shows the potential to identify these respiratory viruses including influenza A and in-
fluenza B, adenovirus, H1N1, parainfluenza virus 1–3 (PIV1, 2, 3), respiratory syncytial virus (RSV) and severe acute
respiratory syndrome coronavirus (SARS) from throat swabs [78]. New matrix protein (M1) antibody based gold
immunosensor was developed using cyclic voltametry and impedance spectroscopy that can detect whole virus. M1
gene was expressed in E. coli and polyclonal antibody was produced in mice and was used for detection A (H1N1)
pdm09. They claimed it as a broad spectrum test for all serotypes of influenza A virus with a sensitivity of 80–100
virions/μl and in 30min [79].

Potentiometric biosensor
Potentiometric biosensors measures potential difference when a specific current value was applied to the electro-
chemical cell with the help of potentiostat. In 2017, a study developed a label free A (H1N1) pdm09 detection way
based on the concept of HA (on virus surface) binding specificity for human sialic acid. A(H1N1) pdm09 binds with
2, 6 linkage to the galactose residue of sialic acid but avian influenza virus binds with galactose through 2, 3 linkage
(2, 3-sialyllactose) of sialic acid. Using this differentiation concept, they developed a new detection method by us-
ing a conducting polymer i.e. PEDOT [poly (3, 4-ethylenedioxythiophene)] that is covered and linked with Sia-α2,
6’-Gal-Glu (2,6-sialyllactose) as a recognition site on a surface. Quartz crystal microbalance (QCM) and potentiom-
etry were used for the analysis of virus binding with conducting polymer galactose residue with the sensitivity of two
times more magnitude when compared with commercial kits as described by Hai and co-workers [80].

Impediametric biosensor
Impedance is also an effective way for analysing the complementary binding of DNA as it provides sensitive results
and emerged as a good tool for specific detection of pathogens. It measures resistance produced due to binding of bi-
ological element on the surface of electrode with target molecule in sample with respect to potential applied through
potentiostat. Several studies for different pathogens are already reported using carbon nanotubes, multiwall carbon
nanotube and gold electrode with different surface modifications. According to the study, a comparison of impedance
spectra was performed on direct binding of biotinylated target DNA sequence with NH2-linked probe and a sandwich
scheme in which further attachment with other molecules was performed to enhance the signal. Along with this, they
also used streptavidin–gold nanoparticle to increase the impedance signal and sensitivity. The best limit of detection
was reported to be 7.5 fmol in sandwich scheme [81]. In a different study, reduced graphene oxide (RGO) based elec-
trochemical immunosensor was developed using EDC-NHS coupling chemistry between COOH group of graphene
attached on gold surface of working electrode and NH2 of antibody specific for H1 of H1N1 influenza A. Photolitho-
graphic technique was used to fabricate glass surface with gold as a working and counter electrode and platinum as a
reference electrode to make three electrode system. Then, RGO was used to assemble on working electrode and virus
specific antibodies were utilized for electrochemical spectra using different virus concentration for direct detection
of whole virus through specific antibodies and reported L.O.D is 0.5 PFU ml−1 [82]. In 2017, boron doped diamond
(BDD) sensor of three electrode system was developed, in which diazonium salt of 4-aminobenzoic acid was used for
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creating binding site for attachment of anti-M1 on the surface of electrode. M1 protein was extracted from viruses
and used for testing with sensor using K3Fe (CN)6 in electrochemical impedance spectra reported L.O.D was 1 fg/ml
in 5 min response time [83]. In 2018, SiO2 - inverse opal (SiO2-IO) based biosensor was prepared that showed high
sensitivity of 103–105 plaque forming unit (PFU),αHA specific antibodies was immobilized on the surface of SiO2-IO
by using 3-aminopropyl trimethoxysilane (APTMS) that exposes amine group, and a NHS-PEG4-maleimide linker
was used for binding of APTMS with thiolated protein G (Cys-ProG). HA specific antibodies were attached with the
same procedure with protein G. This biosensor is specific and sensitive but virus binding and analysis takes more
than 2 h that makes it less preferable [84]. Thus, a number of studies are still going on based on impediametric study
and to achieve good sensitivity and specificity based on different modifications of surface of electrodes.

Amperometric sensors
Amperometric sensors are the sensors that generate response in the form of current when specific potential was ap-
plied using potentiostat. Screen printed electrodes are the mainly used electrodes for biosensor development and
these can be of two electrode sensor or three electrode sensor. In three electrode system one is working electrode,
reference electrode and counter/ Auxillary electrode printed on the surface of metal, glass, paper etc. Potential is
applied between working electrode and reference electrode and current is measured between working and counter
electrode. Three-electrode based biosensor is more effective because it can manage efficiently potential range for
higher current and also provide more area for reaction between analyte and receptor. Reference electrode is used for
comparison between applied potential with that of generated potential. Potential gradient of reference electrode is
always remains constant. Potential is applied to the working and reference electrode, current is measured between
working and reference electrode [85]. Working electrode surface of a sensor is available in printed metal (Au or Pt)
or coated with carbon-nanotube. When a segment of nucleic acid (probe), polypeptide, protein and At-Ab is attached
to surface of electrode, complementary binding of analyte with pathogen DNA, RNA, PNA (protein nucleic acid)
and protein (antibody) takes place. Redox indicators produce current at a certain potential difference between the
electrodes after hybridization of probe with sample material. This change in current intensity can be analysed in the
form of differential pulse voltametry and cyclic voltametry and in many other forms also with the help of potentiostat.
A three-electrode screen printed system using Ag/AgCl as a reference electrode, Pt or gold as an auxiliary electrode
and Au electrode as a working electrode has been used for the detection of a number of diseases [86,87]. These
methods are easy to manipulate, cost effective, time saving and give accurate results with great sensitivity. Single-wall
carbon nanotube (SWCNT) immunoassay biosensor was developed for A (H1N1) pdm09 detection. When surface
adsorption of different macromolecules (poly-L-lysine, antibodies, H1N1 virus) occur on surface of immunochips,
resistance will increase with concentration of virus and resistance was measured after neglecting the resistance from
bare immunochip. A sensitive sensor was developed that have detection sensitivity as 180TCID50/ml after binding of
virus with antibody. But it shows false negative result may due to non specific binding with higher concentration feline
calicivirus (FCV) [88]. DNA biosensor is an evolving technique in Screen Printed biosensors. Its principle is based on
complementary binding of probe (single-stranded DNA segment) with pathogen DNA or RNA that tells the speci-
ficity and type of pathogen. A Probe (ssDNA) will be prepared to attach on working electrode. After hybridization
of probe with sample genetic material, at a certain potential difference current will generate between the electrodes
that cause a change in value of that current that was present before the hybridization. This change in current inten-
sity will give you a signal about the binding type of pathogen. A generalisation of DNA biosensor is shown in Figure
5. Aptamers are a segment of DNA/RNA in its tertiary structure, which can bind specifically with ssDNA, ssRNA,
proteins, toxins, carbohydrates and with live cells (pathogens) also. Different shapes and forms (helical structure,
loops) are found in aptamers that helps them in fitting or binding specifically with target molecule. Aptamer based
gold impediametric biosensor was developed by [89]. These aptamers designed specifically for multivalent binding
with inactivated H1N1 viruses and a sensitivity of 0.9 pg/μl was achieved. Another study reported an antibody based
DPM-Cu (II) redox (a thiol derivative dipyrromethene) modified with immobilized His6-H1 HA on gold surface.
It can detect anti-H1 antibodies in mice sera that are diluted from 10−9 to 10−8 fold specifically and provide better
results than ELISA. Osteryoung square wave voltametry was used to track the changes occurred on the surface of
electrode with different dilution of antibodies. This voltametry can quantify the difference between reduction and
oxidation peak current [90]. A new area of research is PNA-based probe, PNA is a synthetic peptide nucleic acid and
can be used as a probe to bind with RNA and DNA through complementary binding. It provides specificity of compli-
mentary binding capability of nucleotides and has greater shelf life than DNA. Many PNA based biosensors has been
used in many areas [91]. So, PNA-based biosensors can be a good area for A (H1N1) pdm09 biosensor development.
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Figure 5. Schematic representation for nucleic acid RNA/DNA based Biosensor development using Au coated three elec-

trode system based on other reported biosensors

ssDNA: single-stranded DNA, Au: gold

Piezoelectric biosensor
Piezoelectric biosensors showed a change in voltage, when mechanical stress or oscillation is applied to the surface
of an electrode that consists of a piezoelectric material. These biosensors based on the physical property of materials
and do not have any central symmetry in their molecular structure. Every biosensor that is made up of piezoelectric
crystal shows a definite mechanical oscillation after introduction of voltage and a change in oscillation frequency.
When an analyte binds specifically (antigen–antibody, DNA–DNA, RNA–DNA, ligand–receptor) with its target that
produces a change in oscillation frequency in oscillation circuit and this can be measured as a signal to find out the
type of pathogen [92,93]. Mainly anisotropic crystals like aluminium phosphate (berlinite), aluminium nitride, zinc
oxide, crystallized topaz (Al2SiO4(F,OH)2), barium and lead titanate, gallium orthophosphate, quartz (SiO2), tartrate
tetrahydrate (Rochelle salt), polyvinylidene fluoride, poly lactic acids show this type of behaviour because they do
not possess any central symmetry. The alternating voltage causes mechanical oscillations of crystal and frequency of
oscillations is measured as the crystal is put into oscillation circuit. Analyte or any other mass bound on surface of
crystal or more precisely on the surface of electrodes located on the crystal results in change of oscillation frequency.
A simple concentration that can change mass on surface after binding on electrode is enough for detection purpose
but a slight change in viscosity of medium, density of buffer solutions produce hindrance in actual result. These
sensors can be further classified based on the material used for their formation. A study was performed using Quartz
crystal microbalance immunosensor in which antibodies (anti-MA) were immobilized onto gold electrode of crystal
surface pre-coating the surface with protein A. A change in reflectance frequency shift 30Hz (+−5) was measured
after 1 h of viral sample introduction on electrode surface but sensitivity increased after using gold nanoparticle
conjugated anti-HA and reflectance frequency shift increases 5.8-fold that observed at 102(+−11) Hz. When QCM
was compared with other detection methods on 67 nasal samples, specificity was 100% and sensitivity is 81% as
reported by [94,95]. Another sensor was reported in 2019, by using first radial mode of oscillations of lead zirconate
titanate (PZT) piezoelectric discs with a dimension of 2 mm radius and 100μm thickness covered with a piezoelectric
membrane. Synthetic sialylglycopolymer was used for discs modification with a receptor layer, and inserted in a
moving virus suspension. Results was analysed by monitoring resonance frequency shift of the disc radial mode with
a detection limit of concentrations below 105 virus particles per millilitre. This study reported that Piezo transducers
with sialylglycopolymer sensor layers have a long lifetime, a high sensitivity and the possibility of reproducible results
[96].
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Table 3 Conventional methods for detection of A(H1N1) virus

Serial No Detection method
Sample type for
detection Detection time Gene/protein Sensitivity/L.O.D References

1 Cell culture H1N1 Virus 7days - 86-94% [33]

2 ELISA H1N1 Virus 4-5 hours HA antibody 93.7% [52]

3 RIDT kits H1N1 Virus < 30min NA/antibody 1.13 HAU [62]

4 RT-LAMP Extracted RNA 3-4 hours HA gene 93.8% [70]

5 Real-Time PCR Extracted RNA 3-4 hour HA gene 5copies/reaction [107]

6 HI assay Sera - HA 92% [110]

7 Conventional RT-PCR Extracted RNA 3-4 hour HA gene 1.0104 TCID50 [111]

RIDT= Rapid influenza detection test, H1=Hemagglutinin 1, RT-LAMP= Reverse transcription-Loop mediated isothermal amplification, HA= Hemag-
glutinin, NA= Neuraminidase, TCID= Tissue Culture Infective Dose

Magnetic biosensor
Magnetic biosensors are made up of paramagnetic or super-paramagnetic particles, or crystals. It detects biological
interactions by calculating the changes in magnetic properties or magnetically induced effects such as changes in coil
inductance, resistance or magneto-optical properties. In 2011, a sensor was developed by using nitrocellulose mem-
brane and magnetic sensors for detection of two influenza A viruses. This combination provides a rapid assay without
stop reaction step and does not produce any color as required by other immunochemical methods. Quantitative virus
detection was done via magnetic beads, which are conjugated with secondary antibody. Under optimum conditions,
this assay is capable of detecting virus pictograms/well. A combination of nitrocellulose membrane with magnetic
beads reduces analytical time and makes this assay stable and reproducible for point-of-care applications [97].

Thermometric biosensor
Thermometric biosensor measure the change in temperature after a biochemical reaction or in circulated medium.
Earlier studies reported that the change in heat was monitored directly to measure the extent of reaction during catal-
ysis or structural changes in molecules [98]. Thermometric biosensors use the capability of measuring temperature
of thermometric devices, which led to the development of these sensors [99,100].

Concluding remarks and future directions
Since post nine decades swine flu is responsible for many pandemics, several millions of deaths also create a major
public concern into this area of research. It takes 2–3 days to show its full symptomatic condition and early stage de-
tection becomes necessary for early treatment. Old methods are time consuming, mostly based on antigen–antibody
titre, which makes them less sensitive and also have a problem of false negative results. Various kits have been devel-
oped for swine flu detection that is based on immunochromatographic techniques as shown in Table 1, which also
shows average results but not as informational as provided by real-time PCR. Recently, a study reported the develop-
ment of anti-HA Fab, a quenchbody (an immunosensor protein, which is fluorophore labelled antibody or segment
of antibody shows a fluprescence response after quenching of dye from antibody as response of interaction between
quenchbody and antigen) shows high fluorescence in the presence of HA antigen with the potential for sensor de-
velopment [106]. A number of biosensors have been reported, which are promising for specific results with great
sensitivity as reported in Table 2.

In future it would be better if some DNA-based sensor that can diagnose it in short time with great sensitivity are
available in kit, as being provided for glucose biosensor and for many others also. Only then we can detect H1N1
early in effective manner to save a number of lives. Table 3

In summary, some points can be concluded as follow:

1. Real-time PCR is a standard test recommended by WHO but it takes time and reported L.O.D is 5 copies/reaction
[107] and it varies with different probes. It is also expensive because reaction can be proceed in batches. RIDT
is fast but its sensitivity is not good in comparison with others. It can differentiate between influenza A and B,
but cannot differentiate between different subtypes of influenza A. Reported L.O.D is 103–104 PFU/ml and ac-
curacy of results is <70% but some researchers also reported it as less sensitive for regular detection of influenza
[108,109]. ELISA is better than HI assay but cannot detect viruses at early stage. Hemagglutinin inhibition assay
and complment fixation methods show sensitivity and specificity of 91.2%, 38.7% and 25.7%, 85% respectively.
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Conventional RT-PCR is also a good method for detection but it also takes time. A list of all present detection
methods for H1N1 is shown in Table 3 [110,111].

2. New methods are user friendly, cost effective and specific, which provides an easy point of care assay. Molecular
combination with nanotechnology provides new diagnostic methods, which are very effective method for diagno-
sis. There are a number of biosensors specific for A (H1N1) pdm09 detection that are reported. Many sensors are
based upon immunological properties (antigen–antibody) but DNA biosensors can be better choice if we make
attempts as are reported for other infectious diseases [112]. All developed sensors are achieving higher sensitivity
with time. Attempts should be made to develop it in a kit to detect in an easy, fast, sensitive, specific, time saving
and cost-effective manner. Many places do not have facility of advance machines for the detection of swine flu but
the development of easy detection kit can solve this problem.
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