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Abstract Influenza viruses continue to threaten human

life, causing considerable damage socially and economically.

To reduce influenza-related morbidity and mortality, there

is an immediate requirement to develop efficient and

effective tools to detect the virus. Several methods are

currently employed for diagnosing influenza infections in

humans, including viral culture, polymerase chain reaction

(PCR), and immunoassay. In addition, biosensors are being

developed to improve the limitations of the conventional

methods. In this article, we review the current progress in

investigative techniques, including the development of

biosensors having high sensitivity and selectivity and shorter

detection time.

Keywords: influenza diagnostics, electrochemical biosensor,

optical biosensor, mass-based biosensor

1. Introduction

The influenza viruses are enveloped negative-stranded

RNA viruses belonging to the Orthomyxoviridae family.

Depending on the differences in nucleoprotein and matrix

proteins, the viruses are divided into three types: A, B, and C.

Influenza A virus contains two antigenic surface glycoproteins,

hemagglutinin (HA) and neuraminidase (NA). The HA

glycoprotein is responsible for binding to a host cell and

the NA glycoproteins play important roles for increasing

the access of viruses to the host cell, replicating the viruses,

and facilitating the release of newly synthesized viruses [1-4].

The subtype of the A virus is further classified according to

the antigenic properties of 18 H (1-18) and 11 N (1-11)

glycoproteins [5-8]. Serious antigenic drift of influenza

viruses occurs since the antigenic portions of H and N

glycoproteins are easily exchangeable [9]. Sometimes new

strains or subtypes emerge through the combination of two

or more influenza viruses of different origins [5]. This re-

assortment results in the occurrence of highly mortal avian

viruses such as the H5N1 and H7N9 that transmit from

birds to humans [10,11]. The influenza viruses have

threatened human health and life as well as continuously

caused considerable damage on social and economic

development [7,11]. Many people have recently been infected

by a novel reassortant avian-origin influenza A virus

(H7N9) having a death rate over 30% [8,12]. The H9N2

avian influenza A virus is known to repeatedly infect

humans and other mammals [13]. Hence, rapid and precise

detection of influenza viruses at the early stage through

immediate and accurate diagnostic techniques are required

to prevent the occurrence of a serious influenza pandemic.

Various approaches are currently employed for diagnosing

the viral infection, including virus isolation using cell culture,

fluorescence immunoassay (FIA), enzyme-linked immuno-

sorbent assay (ELIA), reverse transcriptase polymerase

chain reaction (RT-PCR), and loop-mediated isothermal

amplification (LAMP) [14-23]. The viral culture-based

diagnostic approach is considered one of the gold standards

for detecting a viral infection and subtyping the influenza

virus. However, this method has a relatively long time-to-

result duration (2-3 days), is a labor-intensive procedure, and

requires well-trained personnel. Moreover, some viruses

are difficult or even unable to cultivate in cell culture [17,24].

In addition, nucleic acid-based tests, especially RT-PCR,

are commonly used for surveillance of influenza infection.

Real-time RT-PCR assay has a high sensitivity and specificity

[25]. However, its limitations include a relatively long

detection time (~2 h), expensive instruments and reagents,
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and requirement of well-trained technicians. The development

of fast PCR-based point-of-care test for diagnosis of

influenza infection have circumvented the drawbacks of

real-time RT-PCR, such as AlereTM influenza A & B test

(Alere, Waltham, USA) and Coba® Influenza A/B assay

(Roche, Basel, Swiss). These tests detect the virus with a

sample-to-result time of less than 50 min [17,26]. However,

they have some limitations on the use of RNA as target for

detection of influenza viruses. The stability of reagents for

the RNA amplification could result in false negatives. In

addition, these tests require to prepare new primers due to

the high mutation rate of influenza virus and resulting new

viruses [27].

Various immune-based rapid diagnostic tests have been

developed for rapid diagnosis of influenza infection, such

as Directigen EZ Flu A and B (Becton Dicknson, Sparks,

USA), Binax Now Influenza A/B antigen kit (Binax,

Portland, USA), Genedia influenza Ag (Green Cross, Yongin,

Korea), Humasis Influenza A/B antigen test (Humasis,

Anyang, Korea), SD Bioline rapid influenza kit (Standard

Diagnostics, Yongin, Korea), and Quidel QuickVue Test

(Quidel, San Diego, USA). Most of these protocols have a

time-to-result duration of 15 to 30 min. However, the main

drawbacks of these tests include low sensitivity and specificity

[28-30].

Recent advances in diagnostics of influenza viruses have

led to development of simple, rapid, and sensitive biosensors

for detection of the virus, including surface plasmon

resonance (SPR) biosensor, quartz crystal microbalance

(QCM) biosensor, surface enhanced Raman scattering

(SERS) spectroscopy, electrochemical biosensor, impedance

biosensor, metal-enhanced fluorescence (MEF) biosensor

and digital ELISA [31-38]. The biosensors use antibodies

or aptamer as the capture probe, but compensate the

drawbacks of conventional diagnostics by introducing

sensitive detection methods. However, antigenic drift could

create problems of recognizing HA by antibodies and

aptamers, resulting in serious false results. Alternatively,

the glycan-based biosensors developed are capable of

identifying subtypes of a given influenza virus because the

human and avian viruses bind to different glycans expressed

on the host cell: Neu5Ac-α(2-6)-Gal for humans and

Neu5Ac-α(2-3)-Gal for avian [39-42]. 

This article reviews the current research on the develop-

ment of simple, rapid, sensitive, and specific biosensors for

detecting influenza viruses.

2. Conventional Methods

2.1. Viral culture-based assay

The tube cell culture method introduced in the 1940s is a

standard method to detect influenza viruses and identify

the various subtypes. The method involves inoculation

with infectious samples, propagation for 7-10 days, and

final confirmation through specific antibody staining,

hemadsorption, or immunofluorescence microscopy. To

reduce the time of tube cell culture method, the shell vial

cell culture (SVC) has been used since 1990s for detection

and subtyping of influenza viruses [14,43]. This approach

uses small 1-dram vials or shell vials for propagation of

viruses in mammalian cell. The SVC method is capable of

detecting viral infection in 24-48 h with higher sensitivity

compared to the tube cell culture method [44].

2.2. Polymerase chain reaction (PCR)-based assay

Most diagnostic labs around the world routinely use the

WHO-approved reverse transcriptase polymerase chain

reaction (RT-PCR) assay for typing and subtyping of

influenza viruses. Modified RT-PCR-based assays been

also been developed to improve sensitivity and specificity,

and to reduce the experimental cost and time of conventional

RT-PCR. 

The loop-mediated isothermal amplification (LAMP) assay

is a rapid, accurate, and cost-effective approach compared

to conventional RT-PCR. Unlike conventional RT-PCR,

the LAMP assay amplifies the target virus gene under

isothermal conditions in a simple equipment, such as a

heating block or water bath [45,46]. The approach is based

on autocycling strand displacement DNA synthesis using

avian myeloblastosis virus reverse transcriptase and Bst

DNA polymerase with a high strand displacement activity.

The assay uses two inner primers and two outer primers to

recognize the target gene region, and two loop primers

increase the sensitivity of the assay. The final DNA product

is detected either by agarose gel electrophoresis, by

precipitation of magnesium pyrophosphate by-product

released in solution during amplification, or by the color

change under UV irradiation with an intercalating fluorescent

dye. The LAMP method detects the human influenza A

virus subtype H1N1, H2N2, and H3N2 from clinical

samples with identical detection limit to conventional

PCR method [47]. Furthermore, Kubo et al. reported the

development of a one-step, real-time reverse transcription-

loop-mediated isothermal amplification (RT-LAMP) assay

for rapid detection of pandemic influenza virus (H1N1) during

the 2009 outbreak [18]. The RT-LAMP assay detects the

H1N1 HA gene within 40 min in clinical samples extracted

from nasopharyngeal swab specimens of Japanese and

Vietnamese patients, and exhibits an identical detection

limit to the currently used RT-PCR method. Compared to

the RT-PCR method, the RT-LAMP assay targeting the

pandemic influenza virus (H1N1) HA genes showed 97.8%

sensitivity and 100% specificity. In addition to human
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influenza virus, the RT-LAMP method has been successfully

implemented for the detection of avian influenza viruses

[19,21]. RT-LAMP assay detects the H5N1 highly pathogenic

avian influenza (HPAI) virus with a 100-fold higher sensitivity

than the RT-PCR method [21]. Using RNA samples from

dead crows infected by H5N1-HPAI, RT-LAMP exhibited

two positive results while RT-PCR showed only one positive

result. The avian influenza virus (H7N9) was also detected

using RT-LAMP with a sensitivity of 42.47 copies/reaction

[21]. The RT-LAMP method showed no cross-reactivity

with other viruses in all reported cases [18,19,21,47].

A new diagnostic assay SAMBA (simple amplification-

based assay), based on isothermal amplification and visual

detection on dipstick, has been developed for the detection

of influenza virus [48,49]. The SAMBA assay detected the

pandemic H1N1 virus in RNA samples extracted from

nasal/throat swab specimens from 256 patients with 95.3%

sensitivity and 99.4% specificity, as compared to the United

Kingdom National Standard Method based on quantitative

RT-PCR [48]. Furthermore, the same group developed the

SAMBA Flu duplex test by integrating extraction, isothermal

amplification and detection processes into an enclosed

semi-automated system for point-of-care diagnosis of the

influenza A/B virus infection [49]. The SAMBA Flu test

detected 95 and 85 copies of viral genomes for influenza A

and B viruses without cross-reactivity to other common

respiratory pathogens. Using clinical samples extracted

from 328 nasal/throat and nasopharyngeal swab specimens

from the United Kingdom and Belgium, the SAMBA Flu

test showed 100% sensitivity and 97.9% specificity for

influenza A virus, and 100% sensitivity and 100% specificity

for influenza B virus, when compared to the quantitative

RT-PCR method.

Nucleic acid sequence-based amplification (NASBA) has

developed as an alternative method to overcome limitations

of the RT-PCR method, including the longer assay time

and risk of contamination [50,51]. The NASBA approach

relies on the simultaneous reaction of three enzymes: avian

myeloblastosis virus reverse transcriptase, T7 RNA poly-

merase, and RNaseH. The final product can be detected

by the electrochemiluminescence (ECL) method using a

molecular beacon [52], which is a hairpin oligonucleotide

labeled with a fluorescence reporter dye and a quencher.

The NASBA tool has been successfully used for rapid

detection of influenza viruses [53], and the assay has been

efficacious in detecting the influenza A virus in clinical

samples obtained from patients during the 2003-2004

influenza outbreak [53]. The assay shows high sensitivity

and specificity, detecting 0.1 < TCID50 (median tissue

culture infective dose) of virus stock and has identified more

positive samples (66/103) than detected in virus culture-

based assay and immunofluorescence. In addition, the

NASBA assay has been applied to detect the novel swine

origin influenza A virus (S-OIV) (H1N1) [54]. The assay

has a detection limit of approximately 50 copies/ reaction,

and exhibits sensitivity and specificity of 100% compared

to viral culture, conventional RT-PCR, and real-time RT-

PCR. Furthermore, the modified NASBA assay, a simple

method for amplifying RNA targets (SMART), minimizes

the current limitations of the primary NASBA approach

[55]. The single-stranded DNA (ssDNA) of the SMART

method functions as a reporter molecule for capturing and

separating viral RNA, and not as a primer as used in the

RT-PCR and NASBA methods. The introduction of a

microfluidic separation step in the SMART approach

enables the separation of the target viral RNA from the

sample mixture. The SMART amplification and detection

steps depend on the complement to the ssDNA probe that

anneals to the viral RNA rather than the viral RNA itself.

The SMART approach is used for detecting and identifying

subtypes of influenza viruses, pandemic H1N1, seasonal

H1N1, and seasonal H3N2 [55]. Using 116 clinical

nasopharyngeal swab samples, SMART showed a limit of

detection (LOD) of ~105 RNA copies/mL with a time-to-

positivity (TTP) value of 70 min. The approach also exhibited

accurate detection in 98.3% samples, with a subtyping

accuracy of 95.7%.

2.3. Serological assay

Serological assay is a method commonly used to detect

virus-specific antibodies in clinical samples. They include

the hemagglutination inhibition (HI) assay, virus neutralization

(VN) assay, single radial hemolysis (SRH), complement

fixation assay, and enzyme-linked immunoabsorbant assay

(ELISA) [16,56]. These assays are far less sensitive compared

to the nucleic acid-based assays. For example, europium

nanoparticle-based immunoassay showed sensitivities of

90.7% for influenza A viruses and 81.80% for influenza B

viruses compared to those for RT-PCR assay in influenza-

positive clinical samples [16].

2.4. Rapid diagnostic kits

Rapid influenza diagnostic tests are immune-based kits for

detecting the viral nucleoprotein. Due to their ease of use,

laboratory independence and fast turnaround time (10-

30 min), they are commonly used as point-of-care tests in

diagnosing influenza infections. The rapid influenza

diagnostic kits were compared to real-time RT-PCR for

evaluating their performance [28,29,57,58]. Of the 144

clinical samples infected by pandemic influenza A virus

(H1N1), the BinaxNOW assay could detect only 11.1%

positive samples by RT-PCR [58]. For seasonal influenza

2007-08 and 2008-09, the BinaxNOW assay showed

sensitivity of 37.5-51.9% as compared to the RT-PCR assay
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[59]. In addition, the Daum group evaluated five FDA-

approved rapid influenza diagnostic kits for the pandemic

influenza virus H1N1: Becton Dickinson Directigen EZ

Flu A+B, 3M Rapid Detection Flu A+B Test, BinaxNOW

Influenza A&B, Quidel QuickVue Influenza A+B, and

Remel X/pect Flue A&B [28]. All kits had low sensitivity

of 16-18% when compared to RT-PCR, at a viral concentration

of < 102 TCID50/mL. In addition to the pandemic influenza

virus H1N1, Cho et al. evaluated the five rapid diagnostic

kits (Directizen EZ Flu A and B, Binax Now Influenza A/B

antigen kit, Genedia influenza Ag, Humasis Influenza A/B

antigen test and SD Bioline rapid influenza kit) using clinical

samples collected from patients presenting with influenza-

like symptoms between 2009 to 2011 in South Korea [29].

Their results also showed relatively high sensitivity of

71-82.1% for influenza A while exhibiting low sensitivity

of 37.2-47.7% for influenza B. 

General advantages and disadvantages of conventional

methods for identification of influenza viruses were

summarized in Table 1.

3. Biosensors

3.1. Electrochemical biosensor

Electrochemical biosensors have been used for detection of

influenza virus due to their rapid, practical, sensitive, and

economical properties as compared to conventional tech-

niques. Several factors have been considered in developing

electrochemical biosensors for detecting influenza viruses:

selection of electrode material, electrochemical method,

detection probe to be used for detecting the target, and

effective signal amplifier. The developed electrochemical

biosensors are summarized in Table 2. The electrochemical

DNA biosensor was developed for detection of the avian

influenza virus (H5N1) [60]. The biosensor was fabricated

by immobilizing two different oligonucleotide probes on a

gold electrode via Au-S formation. One of the probes is a

single-stranded DNA (ssDNA) bound to ferrocene on its

5’-end (ssDNA-Fc), which is complementary to the

complementary DNA (cDNA) encoding a part of H5 HA

of the H5N1 virus. The second probe is a ssDNA bound to

methylene blue on its 5’-end (ssDNA-MB), which is

complementary to the cDNA encoding a part of N1

neuraminidase from the same virus. All measurements

were carried out by using the Osteryoung square-wave

voltammetry (SWV). The signal was obtained through the

dual signal mode: “signal on” mode by ssDNA-Fc and

“signal off” mode by ssDNA-MB. The biosensor showed

a LOD of 18-21 nM for both targets with good selectivity.

In addition to ssDNA, DNA tetrahedral probe was used as

detection probe to develop electrochemical biosensors for

the detection of the avian influenza virus (H7N9) [61]. As

a detection probe, the DNA tetrahedral nanostructure

contributes to precise control of the biomolecule-confined

surface in the biosensor, resulting in enhanced molecular

recognition and high reproductivity [62,63]. The DNA

tetrahedral probe was immobilized onto a gold electrode

through self-assembly of three thiolated nucleotide sequences

and a longer nucleotide sequence containing DNA

complementary to the target ssDNA. The target ssDNA

was obtained by asymmetric PCR of the cDNA from the

viral lysate of H7N9 in throat swabs. The signal was

obtained by the enzymatic reaction of horseradish peroxidase

conjugated on the ssDNA detection probe. Cyclic volta-

mmetry (CV), electrochemical impedance spectroscopy

(EIS), and amperometric mode evaluated all measurements

in this study. The electrochemical biosensor exhibited an

LOD of 100 fM for target sequence. The biosensor shows

a high selectivity, specifically recognizing the target DNA

even from single-mismatched oligonucleotides. 

Malecka et al. proposed an exploitation of the redox-

active monolayer on gold electrode in an electrochemical

DNA (or RNA) biosensor for detection of H5N1 [64]. The

redox active layer has an advantage on signal generation

since the layer converts intermolecular recognition processes

Table 1. Comparison of conventional methods for detection of influenza viruses

Diagnostic methods Advantages Disadvantages

Viral culture-based assay ● Suitable for virus subtyping, recovery of novel 
and divergent strains, and detection of 
phenotypic resistance to antivirals

● Less sensitive than PCR-based assay
● Relatively long detection time
● Unavailable for immediate patient care

PCR-based assay ● High sensitivity and specificity
● Suitable for distinguishing influenza types and 
subtypes, and detecting genotypic resistance 

● High cost and technical demands
● Unavailable for distinguishing non-viable from 
viable viruses

Serological assay ● Suitable for detection of influenza virus when 
specimens were collected too late

● Requirement of paired serum patients
● Unavailable for immediate patient care

Rapid diagnostic kit ● Fast 
● Simple test without technical expertise and 
infrastructure

● Low sensitivity
● Unavailable for distinguishing influenza A subtype
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to analytically detectable ones without external redox active

markers. The biosensor was developed by immobilizing

NH2-functionalized ssDNA (20-mer) onto epoxy groups of

phen-epoxy-Fe(III)-(phen-epoxy)2 redox layer on a gold

electrode. The signal was measured through CV, SWV,

and differential pulse voltammetry (DPV). The biosensor

exhibited an LOD of 0.87 and 73 pM for the target molecules

20-mer DNA and 280-mer RNA, respectively. In addition,

Lee et al. developed DNA-functionalized gold/iron-oxide

nanoparticle-carbon nanotube (CNT) hybrid materials to

enhance the sensitivity of the electrochemical biosensor for

detection of the H1N1 virus [65]. Nanoparticle-functionalized

carbon nanomaterials have excellent electrical conductivity

[66]. The electrochemical biosensor was fabricated by

magnetically aligning gold/iron oxide magnetic particles

(MP)-CNT followed by an immobilization of thiol group-

functionalized DNA probe. The signal was obtained using

linear sweep voltammetry (LSV). The biosensor exhibited

a LOD of 8.4 pM while showing high selectivity against

different DNA diseases. 

Enzyme catalysis was exploited in ultra-low ion strength

media to increase the ionic strength to enable developing

an impedance detection method in an electrochemical

aptamer biosensor [67]. The ultra-low ion strength media

circumvents the limitation of media with high ion concent-

ration, including a high background in electrochemistry. For

the target gene-capturing particles, H5N1-specific aptamer-

functionalized magnetic beads were fabricated by incubating

the biotin-labeled aptamer with streptavidin-coated magnetic

beads. For the signal-generating particles, concanavalin A

(ConA)/glucose oxidase (GOx)/Au nanoparticles (AuNPs)

bionanocomposite were prepared through noncovalent

interaction. The sandwich complex formed in presence of

H5N1 was transferred to glucose solution, and the signal was

measured on screen-printed interdigitated array electrodes

using EIS. The biosensor showed a detection limit of

8 × 10-4 HA activity unit (HAU) in 200 μL.

Glycan-based electrochemical biosensors have been

developed for the detection of influenza viruses and identi-

fication of the various subtypes. Glycans have received

significant attention as detection probes as they are natural

receptors since influenza viruses and its subtypes have

different glycan-binding specificities [68,69]. Hushegyi et

al. developed glycan-based impedimetric biosensors for

ultrasensitive detection of the influenza virus [70]. Previously,

they developed glycan-based impedimetric biosensors by

immobilizing the amino-terminated α2,3-siallylactose onto

gold electrode coated by carboxyl group-functionalized self-

assembled monolayer consisting of 11-mercaptoundecanoic

acid and 6-mercaptohexanol [71]. The biosensor detected

HAs from avian influenza viruses (H5N1) at the attomolar

level. To increase selectivity of detection in glycan-based

impedimetric biosensors, gold electrodes coated on a self-

assembled monolayer (SAM) composed of oligoethylene

glycol moieties were used [70]. The biosensor was fabricated

by immobilizing amino-terminated α2,3-siallylactose onto

the carboxyl group-functionalized gold electrode. While

the glycan biosensor selectively detected the influenza

H3N2 over the H7N7 control with a selectivity ratio of 30,

the biosensor exhibited an LOD of 13 H3N2 viral particles

Table 2. A comparison of electrochemical biosensors for detection of influenza virus

Electrode 
materials

Biological 
capture probe

Analytes Electrochemical method LOD
Detection 
time

Reference

Au Oligonucleotide cDNA of H5N1 virus SWV 18-21 nM - 60

Au Oligonucleotide cDNA of H7N9 virus CV, EIS, Amperometric 100 fM - 61

Au Oligonucleotide DNA and RNA of 
H5N1 virus

CV, SWV, DPV 0.87 pM for DNA
73 pM for RNA

- 64

Pt Oligonucleotide DNA of H1N1 virus LSV 8.4 pM - 65

Au Aptamer H5N1 virus EIS 8 × 10-4 HA in 200 µL - 67

Au Glycan H3N2 virus EIS 13 viral particles - 70

Au Glycan H9N2 virus EIS 10-8 U/mL - 72

Au Glycan Human influenza A virus Amperometric 0.025 HAU - 40

Hg Glycan H5N1 virus CV, DPV - - 42

- Glycan H1N1 and H3N2 viruses Amperometric 102 PFU  15 min 41

Au Antibody H5N1 virus EIS 2-1 HAU/50 µL 1 h 36

Diamond Antibody M1 protein EIS 1 fg/mL     5 min 34

Pt Antibody H7N9 virus LSV 7.8 fg/mL - 31

C Antibody H9N2 virus CV, chronoamperometry 16 HAU - 78

C Antibody H5N1 virus EIS 2.1 pg/mL - 79
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in 1 μL solution. Further, an electrochemical glycan biosensor

based on Au-screen printed electrode modified by graphene-

Au hybrid nanocomposite was developed for the detection

of influenza virus [72]. The glycan source was obtained by

using fetuin A, a glycoprotein with 12-14 terminal sialic acid

residues per molecule. The biosensor used the property of

detection of neuraminidase activity through peanut

agglutinin lectin being capable of monitoring the cleavage

of sialic acid. All measurements were carried out by EIS.

The biosensor showed an LOD of 10-8 U/mL with a linear

range of 10-8 U/mL and 10-1 U/mL. The biosensor also

showed a potential application for detecting the influenza

virus (H9N2) propagated in chicken eggs. In addition to

gold electrode, organic electrochemical transistor (OECT)

with α2,6-siallylacotose-grafted conductive polymer channel

was used to develop electrochemical biosensor for detecting

the human influenza A virus [40]. For potentiometric sensing,

3,4-ethylenedioxythiophene (EDOT) and its adduct bearing

an oxylamine group (EDOTOA) were copolymerized on

OECT channel composed of poly(3,4-ethylenedioxythiophene):

poly(styrenesulfonate) (PEDOT:PSS). The signal was obtained

by using an amperometric mode. The LOD of biosensor

was more than two orders of magnitude when compared to

the commercial immunochromatographic assay over the

same detection time.

Microfluidic chip based on α2,6-sialyllactosamine-

functionalized 3-dimensional MPs was developed for the

detection of influenza virus H5N1 [42]. The glycan-

functionalized MPs were fabricated by immobilizing

biotinylated α2,6-sialyllactosamine onto streptavidin-modified

MPs. To isolate and detect the influenza virus, vaccine HA

(influenza vaccine Vaxigrip®) labeled with CdS quantum

dots (QDs) were used. All measurements were obtained by

using CV and DPV. Under optimized conditions of glycan

concentration, reaction temperature, and reaction time, the

biosensor exhibited an accuracy of detection method

higher than 80% for detection of CdS-labeled HA. Also,

the biosensor could selectively detect inactivated H5N1

over two negative controls.

Electrochemical glycan biosensor based on glucose test

strips and a handheld potentiostat was developed for rapid

and precise detection of influenza viruses at point-of-care

settings [41]. The working principle is based on the

amperometric detection of galactose released from 4,7-di-

OMe N-acetylneuraminic acid-α2,3 (or 2,6)-galactose by

the influenza virus NA, using a handheld potentiostat and

dehydrogenase-bearing glucose test strips. The biosensor

exhibited a LOD of 102 PFU (plaque forming unit) per sample

for H1N1 A/Brisbane/59/2007 and H3N2 A/Victoria/361/2011,

with a short reaction time of 15 min. Also, the biosensor

showed high specificity for the influenza virus over

Streptococcus pneumonia and Haemophilus influenza.

Electrochemical immunosensors are commonly used for

the detection of influenza virus. Recently, an impedance

immunosensor based on low-cost microelectrodes and

specific monoclonal antibodies was developed for rapid

detection of the avian influenza virus H5N1 in chicken

swab [36]. The low-cost gold microelectrode was fabricated

by improved wet-etching fabrication and not the commonly

used costly dry-etching method. The specific monoclonal

antibodies with good affinity and specificity for the H5N1

virus were obtained by fusion of mouse myeloma cells

with spleen cells isolated from an H5N1 virus-immunized

mouse. The antibodies were immobilized on Protein A-

modified microelectrode. The biosensor showed a LOD of

2-1 HAU/50 μL with no cross-reactivity over non-target

viruses such as H6N2, H9N2, Newcastle disease virus

(NDV), and infectious bronchitis virus. The biosensor also

exhibited an accuracy of ~90% in chicken swab testing

using viral isolates, which is comparable with real-time RT-

PCR. In addition, an impedance immunosensor based on

boron-doped diamond (BDD) electrode was developed for

rapid-response ultrasensitive detection of the influenza virus

[34]. The BDD electrode has remarkable electrochemical

properties such as low background current, wide potential

window, high stability, chemical inertness, and fast

electrochemical response [73-75]. The anti-matrix protein 1

(M1) protein antibodies are used and immobilized onto 4-

aminobenzoic acid self-assembled layer on a BDD surface.

The biosensor exhibited a LOD of 1 fg/mL in saliva buffer

for the M1 protein within 5 min, which corresponds to 5-10

viruses per sample. 

Digital single virus electrochemical enzyme-linked

immunoassay (Digital ELISA) was developed for the

ultrasensitive counting of avian influenza virus H7N9 [31].

For this purpose, the digital ELISA was integrated by digital

analysis, bifunctional fluorescence magnetic nanospheres

(bi-FMNs), and monolayer AuNPs-modified microelectrode

array (MA). The digital analysis enables the virus to be

detected at low concentration signals of “0” or “1”,

regardless of the concrete strength of signals [76,77]. The

bi-FMNs were fabricated by co-immobilizing polyclonal

anti-H7N9 HA antibody and alkaline phosphatase. The

monoclonal anti-H7N9 HA antibodies were immobilized

onto monolayer AuNPs-modified MA. The electrochemical

signal was obtained by using LSV and converted into digital

signal. The digital analysis-integrated ELISA exhibited an

LOD of 7.8 fg/mL for H7N9 virus. 

Contrary to previously reported electrochemical immuno-

sensors, the electrochemical detection of influenza virus

H9N2 was performed using antibody immobilization on

electrode-free sensor platform based on both immuno-

magnetic extraction and gold catalysis [78]. The virus

H9N2 was isolated from the allantoic fluid by using anti-M2
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protein antibody-functionalized iron magnetic nanoparticles

(MNPs), followed by the formation of the MNP-H9N2-

AuNP complex using fetuin A-coated AuNPs. The complex

was isolated and the collected AuNPs by acid treatment

were deposited on a screen printed carbon electrode. All

measurements were carried out using CV and chronoam-

perometry. The biosensor detected the virus H9N2 at a titer

less than 16 HAU. In addition to viral antigens, an

electrochemical immunosensor was developed for the

detection of antibodies against influenza A virus H5N1 in

hen serum [79]. The biosensor was prepared by successively

immobilizing anti-His IgG monoclonal antibody and

recombinant His-tagged HA on Protein A-functionalized

glassy carbon electrode. Two variants of the short and long

recombinant HA from avian influenza virus H5N1 were

used as the target HA. The anti-H5 HA monoclonal antibody

was used as the model antibody. The interaction between

HA and anti-H5 antibody was measured by EIS. The

biosensor exhibited an LOD of 2.1 pg/mL and a quantification

limit of 6.3 pg/mL, with a dynamic range from 4 pg/mL to

20 pg/mL. The biosensor also detected antibodies in hen

serum diluted up to 7 × 107-fold, which corresponds to about

four orders of magnitude better than conventional ELISA.

3.2. Optical biosensor

Lateral flow assay (LFA)-based biosensors have been

commercialized for the diagnosis of influenza virus since

they are able to perform point-of-care by a simple method

without expensive specialized tools and diagnose target

diseases in a short time. The dual recognition element LFA

(DRELFA) biosensor was developed for simple, rapid,

sensitive, and specific detection of particular influenza

virus [80]. The DRELFA uses two recognition probes, a

nucleic acid aptamer and an antibody, to overcome the

individual limitations of antibodies and aptamers, including

cross-reactivity and slow binding kinetics. For the detection

of A/Panama/2007/99 strain (H3N2), a Panama/99-specific

RNA aptamer having a biotin at its 5’-end and anti-H3

antibody conjugated with 37 nm AuNPs were used. The

combination contributed to improved specificity of the

DRELFA compared to the currently available antibody-

based LFA systems for the A/Panama/2007/99 strain of

H3N2 virus over other H3N2 strains. Over 90% of the

analyte was localized to the test line in the DRELFA. The

DRELFA showed high sensitivity of detecting the influenza

virus in 50-fold diluted sample, equivalent to 2 × 106 virus

particles. The signal of DRELFA also correlated well with

quantitative RT-PCR results. To capture the probe, various

signal amplification strategies have been reported for

sensitive and early detection of the influenza A virus on

LFA [81,82]. Park et al. developed surface-enhanced Raman

scattering (SERS)-based LFA in which the commonly used

gold nanoparticle in LFA was replaced with SERS-active

nano tags [81]. The SERS-active nanotag was conjugated

with polyclonal anti-influenza A virus (A/H1N1pdm/Korea/

2785/2009). The biosensor exhibited an LOD of 1.9 × 104

PFU/mL, which is approximately one order of magnitude

more sensitive than the LOD measured by using the

colorimetric LFA. Furthermore, a carbon nanotag-based

LFA was developed for the detection of influenza virus

[82]. The carbon nanotag was labelled on anti-influenza A

virus nucleoprotein antibody. The LFA detected the

influenza A virus (A/Thailand/104/2009 (H1N1)) from

allantoic acid with a LOD of 350 TCID50/mL. No reaction

was observed with uninfected MDCK cells, and there was

no cross-reaction with human serum albumin, lysozyme,

dopamine, glucose and influenza virus B.

A novel colorimetric assay based on enzyme-induced

metallization coupled with immunomagnetic separation

was developed for highly sensitive detection of avian

influenza virus H9N2 [83]. This principle of colorimetric

assay measures the color change through the deposition of

silver on AuNPs induced by alkaline phosphatase (ALP).

Monoclonal anti-H9N2 HA antibody-functionalized magnetic

beads (IMBs) were prepared through EDC/NHS chemistry

and used to isolate the target H9N2 virus from samples.

Biotinylated polyclonal anti-H9N2 antibody (pAb) was

used to introduce streptavidin-labeled ALP into the IMBs/

H9N2 complex. IMBs/H9N2/pAb/ALP composites were

detected through a color change in detection solution

containing p-aminophenyl phosphate, AgNO3, and AuNPs.

The biosensor exhibits an LOD of 17.5 pg/mL H9N2 virus

with high specificity over H5N1, H1N1, and NDV, with a

detection time of about 1.5h. In addition, a colorimetric

immunoassay based on peroxidase-like activity of Au-CNT

nanohybrids was developed for detecting the influenza

virus A/Yokohama/110/2009 (H3N2) [84]. Anti-H3N2

antibodies were conjugated to Au-CNT nanohybrids through

EDC/NHS chemistry. The sensor showed an LOD of

3.4 PFU/mL H3N2 in human serum, which is 385 times

lower than that of conventional ELISA (1312 PFU/mL).

The sensitivity was also 500 times greater than that of

commercial immunochromatography kits. Furthermore,

horseradish peroxidase (HRP)-encapsulated liposome was

applied for the development of colorimetric immunosensor

for detection of influenza virus H5N1 [85]. H5N1 was

detected by interacting with the capture antibody and the

biotinylated detection antibody, followed by the addition of

biotin-tagged liposome encapsulated with HRP and substrates

(3,3’,5,5’-tetramethylbenzidine (TMB) and H2O2). The

sensor exhibited an LOD of 0.04 ng/mL, which is much

higher than conventional ELISA. 

In addition to antibodies, aptamer was used as a capture

probe in the development of colorimetric biosensors for the
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rapid detection of influenza viruses [86]. The RNA aptamer

for HA of influenza virus B/Johannesburg/05/1999 (J1999V)

was conjugated with 5 nm AuNPs. In the presence of

J1999V, the virus interacted with the AuNP-conjugated

aptamers, forming a gold nanoshell (AuNS) around the

viral envelope. The purified AuNS was detected by naked

eyes or UV-Vis spectra. This assay detected 3 × 108 viral

particles.

Surface plasmon resonance (SPR) technique was used

for the detection of influenza viruses because it is a label-

free and real-time technique with the added benefits of

easy operation and setup [32,87,88]. Loo et al. developed

a non-PCR MARS (MicroRNA-RNase-SPR) assay using

ribonuclease H (RNase H) and SPR to detect the microRNA

miR-29a-3p from human subjects infected with the influenza

virus H1N1 [87]. The cDNA for the mature miRNA Homo

sapiens (hsa) was prepared from reverse transcription using

stem-loop primers. The biotinylated RNA probe for the

cDNA was immobilized on SRP surface through thio-

linkage. The RNA probe-immobilized SPR surface was

successively treated with the cDNA and RNase H to

generate the change of SPR signal. The MARS showed an

LOD of 1 nM for the miR-29a-3p and detected the target

gene within 1 hour without thermal cycling. Furthermore,

the single nucleotide polymorphisms of H1 gene in influenza

virus was detected using the SPR technique and chimeric

DNA oligomer containing neutral nucleotides with a

methylated phosphate group [88]. In addition, Chang et al.

developed an intensity-modulated SPR (IM-SPR) biosensor

integrated with a new generated monoclonal antibody for

rapid and sensitive detection of an avian influenza virus A

(H7N9) [32]. The sensor showed an LOD of 144 copies/mL

for H7N9 virus, which is a twenty-fold higher than that of

conventional ELISA using an identical antibody. For spiked

clinical specimens containing the H7N9 virus mixed with

nasal mucosa from flu-like syndrome patients, the sensor

exhibited an LOD of 402 copies/mL, which is better than

quantitative RT-PCR and RIDT. Importantly, the sensor

could detect the target virus within 10 min. The developed

optical biosensors are summarized in Table 3.

3.3. Mass-based biosensor

Quartz crystal microbalance (QCM) biosensors have

received significant attention in applications for detecting

influenza viruses because of their advantages of cost-

effectiveness, simplicity, direct detection, and real-time

output [38,89,90]. Wang et al. developed a hydrogel based

QCM aptasensor for detection of avian influenza virus

(H5N1) [89]. An aptamer with high affinity and selectivity

for surface protein of H5N1 virus was used as the capture

probe. The hydrogel was prepared through the crosslinking

between the aptamer and single-stranded DNA (ssDNA) in

polyacrylamide network and immobilized onto gold surface

of a QCM sensor. H5N1 virus was detected by measuring

the change in frequency depending on the dissolution

between the aptamer and ssDNA in the presence of H5N1

Table 3. A comparison of optical biosensors for detection of influenza virus

Sensor type
Biological 

capture probe
Analyte Detection method LOD

Detection 
time

Reference

LFA Nucleic acid 
aptamers and
Antibody

H3N2 virus Naked eye observation 
& color intensity

2 × 106 virus particles    15 min 80

LFA Antibody H1N1 virus Surface enhanced Raman 
scattering spectroscopy

1.9 × 104 PFU/mL < 30 min 81

LFA Antibody H1N1 virus Naked eye observation 
& color intensity

350 TCID50/mL    15 min 82

Biometallization-
based assay

Antibody H9N2 virus Naked eye observation 
& absorbance

17.5 pg/mL      1.5 h 83

Gold-carbon 
nanotube hybrid 
assay

Antibody H3N2 virus Naked eye observation 
& absorbance

3.4 PFU/mL   < 4 h 84

ELISA Antibody H5N1 virus Naked eye observation 
& absorbance

0.04 ng/mL   < 7 h 85

Gold nanoshell 
based assay

Aptamer H5N1 virus Naked eye observation 3 × 108 virus particles - 86

SPR MicroRNA H1N1 virus SPR signal intensity 1 nM      1 h 87

SPR Neutralized 
chimeric DNA

H1 DNA SPR signal intensity - - 88

SPR Antibody H7N9 SPR signal intensity 402 copies/mL    10 min 32
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virus. The sensor showed high sensitivity with an LOD of

0.0128 HAU and a detection time of 30 min. Furthermore,

Wang et al. applied a 3-dimensional nanowell onto the gold

surface of a QCM sensor for detection of avian influenza

virus (H5N1) [38]. A nanowell-based electrode was fabricated

by immobilizing a nanoporous gold film onto the gold

electrode. An H5N1-specifc ssDNA aptamer was used as a

capture probe. A nanowell-based QCM aptasensor was

prepared by immobilizing the aptamer onto the nanowell-

base electrode. The sensor showed a sensitivity with an

LOD of 2-4 HAU/50 μL and a detection time of 10 min.

The sensor had a dramatically reduced detection time when

compared to the hydrogel-based QCM aptasensor [89]. In

addition to the aptamer as a capture probe, glycan was used

to develop a QCM sensor for detection of influenza viruses.

Wangchareansak et al. showed the possibility of a QCM

sensor based on self-assembled glucosamine monolayer as

a biomimetic receptor to detect influenza virus H5N3,

H5N1, and H1N3 [90]. The developed mass-based biosensors

are summarized in Table 4.

4. Conclusion

This review focuses on the current development in

biosensors with high sensitivity and selectivity for effective

detection of influenza viruses. Compared to conventional

methods, the current biosensors exhibit high sensitivity and

selectivity with reduced detection times. Currently, there

are several limitations to the application of biosensors for

practical detection of influenza viruses in real samples,

including the need of trained specialists to conduct them

and/or a lower accuracy. General pros and cons of biosensors

for detecting influenza viruses were summarized in Table 5.

Continuous developments in the biosensor platforms will

help to overcome these limitations.
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