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Abstract. A surface plasmon resonance (SPR)-based biosensor was developed for specific detection of nine common 
respiratory virus, including influenza A and influenza B, H1N1, respiratory syncytial virus (RSV), parainfluenza virus 1-3 
(PIV1, 2, 3), adenovirus, and severe acute respiratory syndrome coronavirus (SARS). The SPR biosensor was developed 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. Throat swab 
specimens representing nine common respiratory viruses were tested by the innovative SPR-based biosensor to evaluate the 
sensitivity, specificity and reproducibility of this method. Results suggest that this biosensor has the potential to 
simultaneously identify common respiratory viruses. 
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1. Introduction 

Respiratory viruses are the primary cause of acute respiratory diseases in both the upper and lower 
respiratory tracts. Many kinds of respiratory viruses have been identified, including influenza A and 
influenza B, H1N1, respiratory syncytial virus (RSV), parainfluenza virus (PIV1, 2, 3), adenovirus, 
and severe acute respiratory syndrome coronavirus (SARS). Effective and rapid diagnosis can 
contribute to the control of disease outbreaks. Rapid diagnosis can confirm clinical suspicion of 
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infection and guide further treatment and prognosis. These outcomes help to mitigate healthcare costs 
and allow early public health intervention to prevent the spread of respiratory viruses. Therefore, a 
rapid method for early detection of respiratory viruses is urgently required to enable doctors to 
ascertain the specific virus quickly and to prescribe an appropriate course of treatment [1]. Current 
methods to diagnose respiratory viral infection utilize several different formats, including direct virus 
detection via isolation of the virus in a cell culture, or identification of viral nucleic acid or antigen, 
and serological tests. Direct virus detection is not suitable for the routine diagnosis of respiratory viral 
infection because the procedures require considerable skilled expertise and are often time-consuming. 
Serological approaches include nucleic acid sequence-based amplification (NASBA) [2], Restriction 
endonuclease analysis (REA) [3, 4] and direct immunofluorescent assays [5]. Enzyme-linked 
immunosorbent assays (ELISAs) are commercially available [6, 7], but they usually require long assay 
times and a labor-intensive sampling process. Recently, testing of ribonucleic acid (RNA) viral 
cultures using reverse transcription-polymerase chain reactions (RT-PCR) has also become common, 
whereby viral nucleic acids extracted from samples are transcribed into complementary 
deoxyribonucleic acid (cDNA) which is then amplified and analyzed by fluorescence or luminescence 
[8, 9]. Despite the simplicity of this method, it cannot provide specific sequence information and 
produces higher false positive results arising from the amplification of non-specific sequences.  

In light these limitations, new methodologies and devices aimed at respiratory virus diagnosis have 
been reported in recent decades. Among all of these technologies, surface plasmon resonance (SPR) 
exhibits potential as a sensitive optical biosensor for real-time and label-free detection [10-13]. The 
goal of this study is to overcome the inherent disadvantages of a traditional PCR-based method and 
implement rapid and high-throughput identification of respiratory viruses. We combined the 
advantages of SPR and the use of a gene chip to simultaneously detect the genes of respiratory viruses 
in PCR products. A single-strand amine group is used to label oligonucleotide probes of nine 
respiratory viruses and immobilized in parallel on onto self-assembled monolayers (SAM) on the 
surface of a12-mercaptododecanoic acid (MDA) via amine chemistry [14]. This method is extremely 
efficient in terms of high throughput for respiratory virus DNA detection. The respiratory virus target 
gene was extracted from bacterial culture samples and amplified by PCR technology; PCR products 
were then analyzed by SPR technology. The basic principle of the proposed method is illustrated in 
Scheme 1. The sensitivity, specificity and reproducibility of this method were also evaluated in detail. 

 

 
Scheme. 1. Schematic illustration of the strategy for the detection of respiratory viruses. The producer included RNA 
extraction from throat swab specimens, amplification vi one-step RT-PCR, gene chip fabrication and analysis by SPR. 
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2. Materials and methods 

2.1. Instrument and reagents 

A PlexArrayTM HT system (PlexeraR Bioscience, USA) was used for this study. A C1000 PCR 
thermal cycler and a Bio-Rad gel imager were obtained from Bio-Rad Laboratories, Inc. A Nano Drop 
1000 spectrophotometer was obtained from Thermo Fisher Scientific, Inc. MDA was purchased from 
Sigma, and 2-aminoethanol hydrochloride was obtained from Shanghai Ruji Technology Co., Ltd. 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS) were 
obtained from Shanghai Li Zhu Dong Feng Biotechnology Co. Streptavidin (SA) was obtained from 
Beijing Biosynthesis Biotechnology Co., LTD. All other chemicals were analytical grade reagents. All 
biological reagents were stored at 4 , and all solutions were prepared with ultrapure water (>18.2 
MΩcm−1). A 0.01 mol L−1 phosphate-buffered saline solution (PBS, pH 7.4) was prepared by 
dissolving 0.2 g KCl, 8.0 g NaCl, 0.24 g KH2PO4 and 1.44 g Na2HPO4, in 1000 mL water. 

Oligonucleotide probes labeled with synthetic amino (NH2) groups and biotin-labeled primers were 
obtained from Invitrogen (USA). The sequences of primers and probes used for these experiments are 
listed in Table 1. 

2.2. SPR biochip fabrication and surface modification 

Thin gold chips were prepared by vacuum evaporation and of 2.5 nm chromium and 47 nm gold 
onto SF10 glass wafers. The gold chip surface was then cleaned by oxygen plasma treatment for a 
period of one minute. The chips were then immersed in 1 mM MDA for 16 hours. After the formation 
of MDA SAMs, the chips were thoroughly rinsed with ethanol and then dried in a stream of nitrogen.  

2.3. Gene chip design 

Table 1 

Sequence of primers and probes 

Name Primes (5’-3’) (F/R) Probe (5’-3’) 
Influ A AAAGCGAATTTCAGTGTGAT; 

GAAGGCAATGGTGAGATTT 
AGGGCTTTCACCGAAGAGGG 

Influ B GTCCATCAAGCTCCAGTTTT 
TCTTCTTACAGCTTGCTTGC 

AACGAAGTAGGTGGAGACGGAGG 

PIV1 ACCTACAAGGCAACAACATC 
CTTCCTGCTGGTGTGTTAAT 

CAAACGATGGCTGAAAAAGGGA 

PIV2 CCATTTACCTAAGTGATGGAA 
CGTGGCATAATCTTCTTTTT 

AATCCGCAAAAGCTGTTCAGTCAC 

PIV3 GGAGCATTGTGTCATCTGTC; 
TAGTGTGTAATGCAGCTCGT 

ACCCAGTCATAACTTACTCAACAGCAAC 

RSV TTTCCACAATATTAAGTGTCAA 
TCATCCCATACTTTTCTGTTA 

CCATGTGAATTCCCTGCATCAAT 

SARS CAGAACGCTG TAGCTTCAAAAATCT 
TCAGAACCCTGTGATGAATCAACAG 

TCTGCGTAGGCAATCC 

ADV CAGTGGTCTTACATGCACATC 
CAGCACGCCGCGGATGTCAAAGT 

CACCGAGACGTACTTCAGCCTG 

H1N1 TTGATGATGGTTTCCTGGACA 
ACTTTCCATGCACGTGTTATCGC 

GGACTACCACGATTCAAATGTG 
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To activate the carboxyl groups before printing, the sensor chip was immersed into an aqueous 
mixture of 0.4 M EDC and 0.1 NHS, a 10 μM solution of specific respiratory virus probes in PBS (10 
mM, pH 7.4) were printed onto the activated surface by an automated Genetix QArray mini printer 
and then incubated at room temperature for 2 hours. After incubation, the sensor chip was washed with 
milliQ water, and then treated with 1 mM ethanolamine (pH = 8.5) blocking solution at room 
temperature for a further 10 minutes in order to deactivate the remaining NHS carbonate ester groups. 

2.4. PCR amplification 

The respiratory virus RNA from each 200 μL throat swab specimen was extracted using EZ1 
Advanced Instruments (QIAGEN, German) according to manufacturer's protocol. The target RNA 
amplification was performed by one-step PCR. Biotin-labeled primers were used for RT-PCR. The 
RT-PCR assay protocol is as follows: 

A 0.3 μL template RNA was added to a mixture containing 3 μL of 10×PCR buffer (TAKARA), 9.6 
μL of a primer mixture, 0.5 μL of Taq DNA polymerase, 0.25 μL of AMV RT, and 0.6 μL of a dNTP 
mixture; sterile water was then added to reach a total volume of 30 μL. Tubes without DNA templates 
were included in each experiment as blank control samples. Samples were amplified in a thermocycler 
under the following conditions: initial PCR activation at 42°C for 40 minutes, then at 95°C for two 
minutes. Two-step cycling was conducted at 95°C for 30 seconds, then at 54°C for 30 seconds, and 
72°C for 30 seconds; five cycles were performed. Three-step cycling was conducted at 95°C for 30 
seconds, 49°C for 30 seconds, and then at 72°C for 30 seconds; 30 cycles were performed. Final 
extension was conducted at 72°C for two minutes  

DNA concentration was determined by an ND 1000 spectrophotometer (Nano Drop Technology, 
DE), and the extracts were stored at -20°C. PCR products were denatured by a 5-minute incubation at 
95°C followed by cooling on ice for 1 minute. Screening of PCR products was performed by gel 
electrophoresis on 2% agarose gel, stained with ethidium bromide, and visualized using a UV 
transilluminator and compared to a DNA ladder (Ready-to-Use™ Plus 100 bp DNA Ladder). 

2.5. SPR study 

SPR experiments were performed by a PlexArrayTMHT system (Plexera Bioscience, American). The 
SPR chip modified with oligonucleotide probes was docked into the SPR instrument. Phosphate 
buffered saline (PBS) solution (10 mM, pH 7.4) was used as the running buffer with a flow rate of 50 
μL min-1 with a peristaltic pump to obtain a stable baseline. The hybridization measurement was 
conducted by injecting 10 μM of the target PCR product solution with a peristaltic pump, at a flow rate 
of 5 μL min-1. The reaction was monitored for five minutes, and the sensor chip was automatically 
washed with hybridization buffer to remove the unbound DNA material. After hybridization, 60 μg 
mL-1 of SA solution was pumped to a flow cell for five minutes in order to enhance the signal. 
Reported response unit (�RU), the analytical signal, was derived by the difference between the final 
reflectivity intensity and the reflectivity intensity recorded before hybridization.  

After hybridization, the surface was regenerated with 100 mM of NaOH solution to obtain a probe 
for reuse in a new cycle of hybridization reactions. 

3. Results 
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3.1. Gel electrophoresis of PCR products 

In this study, to enhance sensitivity for the detection of respiratory viruses, the target RNA was 
amplified by RT-PCR technology. Figure 1 illustrates the results of agarose gel electrophoresis, which 
verify that specific target segments for nine respiratory viruses were successfully amplified from 
extracted RNA. 

As an extension of the practical use of PCR, multiplex PCR has the potential to amplify more than 
one target sequence by using multiple primers in a reaction mixture without compromising the utility 
of the experiment [15, 16]. Thus, it is an essential cost-saving technique for large scale clinical 
application. For our study, we conducted multiplex PCR to amplify the target RNA. A multiplex PCR 
for the simultaneous amplification of four viral genes (ADV, RSV, PIV2 and SARS) was validated by 
agarose gel electrophoresis, as shown in Figure 2. This approach has been successfully applied to the 
amplification of two kinds of viral gene mixtures (influenza B and ADV). 

3.2. Measurement specificity 

All PCR products were diluted with PBS (10 mM, pH 7.4) up to a desired concentration. The 
analysis of PCR product results were conducted by SPR technology. To allow hybridization with the 
immobilized probe, PCR products consisting of double-stranded DNA fragments require a 
 

 
Fig. 1. Gel electrophoresis of PCR products from nine respiratory virus DNA templates. Lane M: DL2000. (1) ADV (297 
bp); (2) SARS (68 bp); (3) influenza A (104 bp); (4) PIV2 (116 bp); (5) PIV1 (129 bp); (6) influenza B (145 bp); (7) RSV 
(155 bp); (8) PIV3 (154 bp; and (9) H1N1 (202bp). 

 
Fig. 2. Gel electrophoresis of multiplex PCR products. (a) Lane M: DL2000. Lane 1 (from top to bottom): ADV (297 bp), 
RSV (155 bp), PIV2 (116 bp), SARS (68 bp); (b) Lane M: DL2000; Lane 1 (from top to bottom): ADV (297 bp), PIV3 (154 
bp), influenza A (104 bp),and SARS (68 bp). 
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denaturation step by employing a 10 minute thermal treatment prior to injection. Typical response 
curves of respiratory virus detection are shown in Figure 3. Different PCR products demonstrated 
specific responses to complementary DNA probes. No cross-hybridization occurred between the PCR 
products and probes which were not fully complementary. Furthermore, the SPR signal can be 
enhanced by an injection of SA solution. Unfortunately, probes which were not fully complementary 
to the PCR product produced small SPR signals. We postulate that this phenomenon is a result of non-
specific protein adsorption to the SAM of the MDA surface. These non-specific adsorptions can be 
minimized by using ethylene glycol alkane thiol self-assembled monolayers (PEG SAM) [17], oligo 
(ethylene glycol) methacrylate (OEGMA) based polymer brushes [18] or a polyrotaxane matrix [19]. 
All hybridized DNA must be removed before the gene chip can be reused. In this study, we used a 
NaOH (100 mM) solution as the regeneration reagent. Figure 3 illustrates that the baseline is near 
original values when the chip is regenerated with NaOH solution, indicating that hybridized DNA can 
be removed. SPR results confirm that the gene chip combined with the SPR technique provides a 
highly specific platform for high throughput detection of respiratory virus PCR products. 

 

   

   

   
Fig. 3. Typical response curves for detection of nine respiratory virus PCR products: (a) influenza A; (b) influenza B; (c) 
H1N1; (d) ADV; (e) PIV1; (f) PIV2; (g) PIV3; (h) RSV; and (i) SARS. The standard procedure consists of running with 
PBS to obtain a baseline; PCR product was injected to display the specific hybridization. After hybridization, SA 
solution was used for signal enhancement. Finally, the SPR gene chip was regenerated with 100 mM of NaOH solution. 
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Fig. 4. Typical curves for detecting multiple PCR products. (a) Influenza B and an ADV mixture; (b) a PIV2, PIV3, RSV, 
SARS and H1N1 mixture. 
 

PCR blanks containing all PCR mixture reagents (except the template DNA) were tested to identify 
any non-specific effects. Results confirmed that injection of control solutions obtained from PCR and 
conducted without a DNA template produced signal shifts similar to instrument noise.  

In this study, we used a gene chip combined with SPR technology to analyze the multiplex PCR 
products. The main benefits of simultaneous detection of multiplex respiratory viruses in one PCR 
product are efficiency and a higher throughput. Two typical SPR sensor grams exhibiting multiplex 
PCR products detection are illustrated in Figure 4: the multiplex PCR of influenza B and ADV, and 
multiplex PCR of PIV2, PIV3, RSV, SARS and H1N1. Results verified that this platform enables us to 
simultaneously detect multiplex respiratory viruses with high specificity within minutes.  

3.3. Measurements repeatability 

In many cases, to reduce the difference between chips or reduce costs, the sensor chip needs to be 
reused; however, the repeatability of experiments must be estimated and DNA targets must be 
removed, but the probes must remain intact. A typical SPR response curve for four cycles of injection 
of influenza A PCR product onto specific probe spots and the removal of influenza A target DNA 
using NaOH are exhibited in Figure 5. Note that the SPR baseline returned to the original value after 
regeneration, indicating that the target can be completely removed by NaOH solution. Binding curves 
reconstructed from a typical SPR curve nearly overlap. An average signal obtained was 398 RU with a 
relative standard deviation was 0.7%, indicating that the measurements exhibit good repeatability. 

3.4. Measurements sensitivity 

 
Fig. 5. Measurement repeatability tested by SPR using influenza A (10 μM) as a model analyte. 
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Fig. 6. SPR response to serial concentrations of influenza B PCR products. (a) Typical sensorgram showing the hybridization 
of serial concentrations of PCR products with influenza B probe; (b) dose-response analysis. 

Table 2 

The detection limit of nine respiratory viruses 

Virus  Influ A InfluB PIV1 PIV2 PIV3 RSV ADV SARA H1N1 
LOD 5 nM 1 nM 1 nM 2.5 nM 3.5 nM 3 nM 0.5 nM 2 nM 3 nM 

 
A serial concentration of PCR products was tested by SPR. Figure 6(a) confirms that SPR response 

signal values increased with increasing concentrations of PCR product of Influenza B. Based on 
collected SPR data, SPR signal values provide a linear correlation ranging from 1nM to 1 μM, as 
shown in Figure 6(b). With the detection limit of sensor response S/N=3, the lowest concentration of 
Influenza B that could be detected was 1nM. The experimental limit of detection for nine kinds of 
virual PCR products are listed in Table 2. 

4. Discussion 

In this research, we have developed a gene chip SPR biosensor for the high throughput detection of 
nine different respiratory viral PCR products: influenza A and influenza B, H1N1, RSV, PIV1, 2, 3, 
adenovirus, and SARS). Our study confirms that the probes display specific hybridization properties 
which complement their target DNA in PCR products, and are amplified by single PCR and multiplex 
PCR. Multiplex PCR has been independently verified by agarose gel electrophoresis. To date, up to 
five combinations of multiplex PCR have been successfully amplified from the extracted RNA of 
respiratory viruses. The use of a high throughput gene chip combined with SPR facilitates that 
detection of multiplex PCR products selectively and simultaneously within 30 minutes. Furthermore, 
with biotin primer labeling, it is possible to enhance the limit of detection of this method with SA. 
Using this platform, we fabricated a SAM of MDA as the surface chemistry for probe immobilization 
because it is easy to prepare and use. However, we found that this surface exhibits a small amount of 
non-specific protein adsorption when it is combined with an SA solution. Further improvement to the 
matrix design to reduce the non-specific adsorption could be achieved. Specifically, the SPR biosensor 
combined with PCR amplification represents a new molecular tool for the high throughput and 
specific detection of respiratory viruses, which facilitates improvement in the efficacy of control and 
treatment of respiratory viral infections. 
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