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Abstract: An electrochemical immunosensor modified with the streptavidin/biotin system 

on screen printed carbon electrodes (SPCEs) for the detection of the dengue NS1 antigen 

was developed in this study. Monoclonal anti-NS1 capture antibody was immobilized on 

streptavidin-modified SPCEs to increase the sensitivity of the assay. Subsequently, a direct 

sandwich enzyme linked immunosorbent assay (ELISA) format was developed and 

optimized. An anti-NS1 detection antibody conjugated with horseradish peroxidase enzyme 

(HRP) and 3,3,5,5'-tetramethybezidine dihydrochloride (TMB/H2O2) was used as an enzyme 

mediator. Electrochemical detection was conducted using the chronoamperometric technique, 

and electrochemical responses were generated at −200 mV reduction potential. The 

calibration curve of the immunosensor showed a linear response between 0.5 µg/mL and  

2 µg/mL and a detection limit of 0.03 µg/mL. Incorporation of a streptavidin/biotin system 

resulted in a well-oriented antibody immobilization of the capture antibody and consequently 

enhanced the sensitivity of the assay. In conclusion, this immunosensor is a promising 

technology for the rapid and convenient detection of acute dengue infection in real  

serum samples. 
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1. Introduction 

Dengue continues to be a major public health concern in tropical and subtropical countries. Currently, 

there are over 3.6 billion people at risk from dengue infection. Every year, it is estimated that 390 million 

dengue infections occur worldwide [1,2]. This leads to 250,000–500,000 cases of dengue hemorrhagic 

fever (DHF) with 5%–10% mortality annually [3,4]. Until now, no effective vaccine or antiviral drugs 

were available to combat this disease. Consequently, early and prompt diagnosis of dengue can help 

patient triage and care management [5,6]. Routine laboratory methods used for the diagnosis of dengue 

infection are viral culture, viral nucleic acid amplification by reverse transcriptase PCR (RT-PCR), and 

serological tests like immunoglobulin M (IgM) capture ELISA and immunoglobulin G (IgG) capture 

ELISA [7]. The first two tests have limitations since they are expensive and require appropriate lab 

facilities and well-trained personnel, so they are not feasible in a routine diagnostic laboratory. On the 

other hand, a serological test such as IgM capture ELISA has limitations: it requires at least five days to 

achieve a detectable amount of IgM antibodies, while IgG antibodies are detectable after nine days [8–10]. 

Dengue nonstructural 1 (NS1) antigen has been reported to be present at high concentration in serum 

during the early stage of infection, by using an ELISA-based test. Thus dengue NS1 has been used either 

in ELISA or rapid diagnostic test (RDT) for early diagnosis of dengue [11–13]. However, conventional 

ELISA is not economical if it is used for a small number of samples [14]. In contrast, rapid diagnostic 

testing for NS1 detection based on immunochromatography could be used in point-of-care testing [15]. This 

assay has a lower sensitivity than ELISA. Moreover, it is quite susceptible to unfavorable storage 

conditions and can give false results [14]. Compared with ELISA and RDTs, biosensors can provide 

quantitative responses through a transducer in the form of measurable electric signal. In addition, 

biosensors present enormous advantages such as simpler management, easier miniaturization, and the 

possibility of on-site monitoring [16]. At present, a few immunosensors have been developed to detect 

the NS1 antigen using various transducers including optical, piezoelectric, and electrochemical [16,17]. 

Among the available detection approaches, electrochemical methods are of particular interest owing to 

their simplicity, accuracy, high sensitivity, and possible compatibility with portable systems suitable for 

point-of-care testing [18,19]. 

Recently, several immunosensor devices have been developed on screen-printed carbon electrodes 

(SPCEs) [20]. The main advantages of the screen printed electrode include simplicity, versatility, modest 

cost, portability, ease of operation, reliability, small size, and mass production capabilities [21]. For the 

fabrication of SPCEs, carbon inks are particularly attractive because they are relatively inexpensive and 

lead to low background currents and broad potential windows [22,23]. Apart from the working electrode, 

an oriented immobilization of the antibody on the surface of an immunosensor is another crucial factor 

that needs to be considered in order to increase the sensitivity and specificity of immunosensors [24]. A 

number of procedures for oriented immobilization of biomolecules are available; among these strategies, 

the streptavidin/biotin system is an effective technique and has been widely used for enhanced 
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sensitivity. Thus, this study aimed to develop an electrochemical immunosensor using streptavidin-

modified SPCEs for the detection of the dengue NS1 antigen. 

2. Material and Methods 

2.1. Reagents and Chemicals 

Bovine serum albumin (BSA), potassium chloride (KCl), sodium carbonate (Na2CO3), streptavidin, 

and sodium hydrogen carbonate (NaHCO3) were purchased from Sigma (St. Louis, MO, USA).  

Lightning-link horseradish peroxidase (HRP), Lightning-link biotin and an antibody concentration and 

clean-up kit were purchased from Innova Biosciences (Cambridge, UK). Dengue virus NS1 glycoprotein 

was acquired from Abcam (Cambridge, UK). Dipotassium hydrogen phosphate (K2HPO4), potassium 

dihydrogen phosphate (KH2PO4), sodium chloride (NaCl), and ferricyanide [Fe(CN)6]3− were obtained 

from MERCK (Darmstadt, Germany). Carboxymethyldextran (CMD) (500,000 MW) was purchased 

from Fluka (Gillingham, UK). Two different clones (capture and detection) of monoclonal  

anti-NS1 antibody were purchased from ICL lab (Portland, OR, USA). Ready-to-use TMB  

(3,30,5,50-tetramethylbenzidine) substrates was purchased from Promega (Madison, WI, USA). BupH 

MES Buffered Saline Packs was purchased from Thermo scientific (Rockford, IL, USA), and Panbio 

Dengue Early kit was purchased from Panbio Diagnostics (Brisbane, Australia). Glycine was purchased 

from Biorad (Hercules, CA, USA). 

The phosphate buffer saline (PBS) (0.01 M; pH 7.4) and carbonate buffer (0.1 M; pH 9.5) were 

prepared using ultra-pure water (UPW) obtained from a PURELAB Option Q-7BP MK 1 purification 

system (ELGA, Lane End, UK). BSA was prepared by dissolving 3% bovine serum albumin in PBS 

buffer (0.01 M; pH 7.4). Prior to the conjugation of the anti-NS1 antibody with HRP, sodium azide was 

removed from the antibody by using an antibody concentration and clean-up kit. The azide removal was 

performed according to manufacturer’s instructions. Subsequently, the NS1 detection antibody was 

conjugated using a Lightning-link horseradish peroxidase kit. Similarly, the conjugation procedure was 

performed according to manufacturer’s instructions. 

2.2. Apparatus 

SPCEs used in this study were purchased from a local company (ScrintTechnology, Penang, 

Malaysia). The SPCEs consisted of a three-electrode configuration (15 mm × 30 mm), which comprised 

a round-ended working electrode (4 mm in diameter), counter electrode, and silver pseudoreference 

electrode printed on a polycarbonate support. A ring-shaped insulating layer around the round-ended 

working electrode (8 mm × 8 mm) with a capacity of 100 µL was incorporated onto the SPCEs as an 

electrochemical cell (reservoir). Voltammetric and chronoamperometric studies were performed with an 

Autolab PGSTAT III potentiostat/galvanostat (Eco Chemie, Utrecht, The Netherlands) and interfaced to 

Nova 1.6 software. The scanning electron microscopy (SEM) images were obtained from Quanta FEG 

450 (FEI, Eindhoven, The Netherland) at an acceleration voltage of 10 kV and a working distance of  

10 µm. 
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2.3. Clinical Samples 

In the current study, samples from suspected dengue patients presenting to the outpatient clinic in 

Hospital Universiti Sains Malaysia and sent to the Serology Laboratory, Department Medical 

Microbiology and Parasitology, Universiti Sains Malaysia (USM) were collected. Subsequently, those 

samples were tested for the dengue NS1 antigen using a Panbio dengue early ELISA kit. Afterwards,  

10 positive and 10 negative dengue NS1 antigen samples were selected for this study. This study has 

received approval from the USM Human Ethics Committee (USM/JPeM/270.4. (1.3)). 

2.4. Immobilization of the Anti-NS1 

In this study, two techniques for the monoclonal anti-NS1 capture antibody immobilization on the 

carbon working electrode were investigated and compared: passive adsorption and covalent 

immobilization. Passive adsorption was conducted by coating the working electrode with 20 µL  

(10 µg/mL) of anti-NS1 monoclonal antibody prepared in carbonate buffer pH 9.5. Subsequently, the 

SPCEs were incubated overnight at 4 °C under controlled humidity. Later, non-specific bindings were 

blocked by incubating the electrode surface with 50 mmol/L glycine solution for 15 min. 

For antibody-oriented immobilization, the carbon working electrode was pre-treated with 

carboxymethyldextran in order to introduce a carboxylic (COOH) group to the SPCE’s surface. For this 

purpose, 20 µL of 50 mg/mL CMD prepared in deionized water was added to the carbon working 

electrode and left overnight at room temperature. After washing with PBS, an equal volume of  

EDC-NHS (0.4 M EDC and 0.1 M NHS prepared in MES buffer pH 4.7) was then placed on the working 

electrode surface for 10 min at room temperature. Subsequently, 20 µL of 50 µg/mL of streptavidin was 

incubated for 1 h. After washing, 20 µL/mL of biotinylated anti-NS1 (10 µg/mL) prepared in 0.01 M 

PBS was incubated on the electrode surface for 1 h. Excessive ester groups on the streptavidin-treated 

SPCES were then blocked with 100 µL of 1 M ethanolamine chloride and incubated for 10 min in  

the dark. 

2.5. Immunosensor Response to NS1 

After successful immobilization of the monoclonal anti-NS1 capture antibody via passive adsorption 

and streptavidin methods on the SPCEs, various dilutions of full-length recombinant NS1 antigen 

prepared in 0.01 M PBS were added onto the electrode’s surface and left to react with the  

anti-NS1 capture antibody for 1 h. The assay was then completed by pipetting 20 µL of (5 µg/mL)  

HRP-labeled monoclonal anti-NS1 detection antibody. Finally, the electrodes were washed prior to 

electrochemical measurement. 

Following various optimization procedures, the immunosensor responses were then evaluated using 

real serum samples. The serum samples were diluted in a buffer (1:2 ratio) and incubated on the  

anti-NS1 streptavidin/biotin-SPCEs. The assay was then completed as described above using  

HRP-labeled anti-NS1 detection antibody. In addition, a two-fold serial dilution of the serum sample 

was also evaluated in this study. 
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2.6. Measurement Procedure for Electrochemical Responses 

All the electrochemical responses were performed at room temperature (27 ± 1 °C). Electrochemical 

measurements were carried out by placing a 70 µL TMB solution onto the electrode, covering the three 

electrodes’ area. A fixed reduction potential of −200 mV was applied to the reference electrode to 

measure the electrochemical responses resulting from the catalysis of H2O2 by the HRP enzyme. Each 

measurement was carried out in triplicate. Cyclic voltammetric measurements were carried out by 

scanning at 100 mV·s−1 and potential ranging from −600 mV to 1000 mV. 

3. Results 

3.1. Reproducibility and Stability of SPCEs 

The reproducibility of carbon electrodes was characterized by performing cyclic voltammetry (CV) 

using a potassium ferricyanide redox system. The cyclic voltammogram data obtained from triplicate 

assays showed a relative standard deviation (RSD) value of 3.22%, suggesting a good reproducibility of 

the proposed immunosensor. 

Another critical parameter that was investigated was the stability of the SPCEs. In this study,  

the SPCEs were subjected to 10 cycles of CV at 100 mV/s scan rate in 5 mM ferricyanide solution 

prepared in 0.1 M KCl. As shown in Figure 1, a pair of well-defined redox peaks was observed after 

each cycle. A RSD value of 4% showed that the electrode was stable enough for electrochemical analysis. 

Figure 1. Cyclic voltammogram profile of the SPCEs with 10 cycles. Scanning was 

performed in 5 mM ferricyanide prepared in 0.1 M KCl at the scan rate of 100 mV/s. 

 

3.2. SEM Characterization 

SEM was the first technique employed to visualize the electrode surface modification following 

antibody immobilization on the carbon surface. Figure 2a shows the SEM image of a bare working 

electrode surface. However, the surface was then covered with cloudy clusters (Figure 2b) following 

incubation with the anti-NS1 capture antibody. 
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Figure 2. SEM surface images of (a) bare carbon electrode and (b) carbon electrode 

modified with antibody. 

(a) (b) 

3.3. Immobilization of the Anti-NS1 

Two antibody immobilization techniques were tested, i.e., passive adsorption and the 

streptavidin/biotin system, to improve the sensitivity of the developed immunosensor. Both techniques 

were found to be stable for the whole duration of the assay. Comparatively, the streptavidin/biotin 

technique yielded better signals than the passive adsorption technique (Figure 3). 

Figure 3. Immobilization of anti-NS1 capture antibody via passive adsorption and 

streptavidin/biotin system. 

 

An indirect method was also employed to examine the immobilization of the anti-NS1 capture 

antibody and other immunoreagents used in the immunosensor. The stepwise immobilization of  

the anti-NS1 capture antibody and other immunoreagents on SPCEs was accomplished by CV using  

5 mM [Fe(CN)6]3− prepared in 0.1 M KCl solution as the redox probe. A decrease in the anodic and 

cathodic peaks was observed when the SPCEs were modified with the anti-NS1 capture antibody  

0

1

2

3

4

5

6

7

8

9

Negative control test

C
u
rr
e
n
t 
(µ
A
)

passive

streptavidin/biotin



Diagnostics 2014, 4 171 

 

 

(Figure 4). A similar redox behavior was observed when other immunoreagents were immobilized  

on SPCEs. 

Figure 4. Cyclic voltammetries of the unmodified and modified SPCEs: (a) unmodified 

SPCEs, (b) SPCEs/CMD, (c) SPCEs/CMD/streptavidin, (d) SPCEs/CMD/streptavidin/ 

biotinylated anti-NS1capture antibody, (e) SPCEs/CMD/streptavidin/biotinylated anti-NS1 

capture antibody/glycine, (f) SPCEs/CMD/streptavidin/biotinylated anti-NS1capture 

antibody/glycine/NS1 antigen. 

 

3.4. Optimization of Immunoreagents 

The electrochemical immunosensor system developed for NS1 detection in this study was based  

on a direct sandwich ELISA format with HRP used as the enzyme label and TMB/H2O2 as  

the substrate/mediator system (Figure 5). 

Figure 5. Development of dengue NS1 immunosensor. 
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In order to reduce background signals, various optimizations were performed. First, the optimal 

concentration of anti-NS1 detection antibody needed was investigated. In this study, SPCEs were  

first blocked with 50 mmol/L glycine for 15 min. Subsequently, the SPCEs were incubated with  

various concentrations of HRP-conjugated anti-NS1 detection antibody (0 to 20 µg/mL), followed by 

electrochemical measurement. The background current signal of the detection antibody is shown in 

Figure 6. Concentration above 5 µg/mL produced background current signals; the highest amount of 

detection antibody gave the highest background signal. Thus, for subsequent assays, an antibody 

concentration of 5 µg/mL was chosen. 

Figure 6. Optimization of detection anti-NS1 antibody concentration. 

 

Following this, the concentration of anti-NS1 capture antibody was optimized. To achieve this, 

different concentrations of capture anti-NS1 antibody ranging from 10 to 80 µg/mL were immobilized 

on the working electrode. As shown in Figure 7, the current peak increased as the antibody concentration 

increased. A maximum current response was acquired when an antibody concentration of 20 µg/mL  

was used. 

Figure 7. Optimization of the capture antibody concentration. 
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The incubation period for CMD, streptavidin, anti-NS1 capture antibody, blocking agent, NS1 

antigen, and anti-NS1 detection antibody were subsequently determined. Incubation periods of 15, 30, 

and 60 min were tested for each step of the assay. It was found that the optimal incubation periods for 

streptavidin, the anti-NS1 capture antibody, the blocking agent, the NS1 antigen, and the detection 

antibody were 15, 60, 60, and 60 min, respectively (data not shown). For CMD, overnight incubation 

was found to be the most suitable period (data not shown). Finally, the optimum washing frequency was 

also studied. As shown in Figure 8, abundant washing (four times) produced good signals with a low 

background response. 

Figure 8. Optimization of washing frequency. 

 

3.5. Electrochemical Response of the Immunosensor 

A direct sandwich ELISA format based experiment using the optimized parameters was then 

performed to analyze the sensitivity of the assay. SPCEs were incubated with various concentrations of 

recombinant NS1 antigen, ranging from 2 to 0.01 µg/mL. The electrochemical response generated by 

the catalytic reaction between H2O2 and HRP-conjugated anti-NS1 was measured using 

chronoamperometry. The immunosensor showed a linear response between 0.5 and 2 µg/mL (Figure 9), 

with a detection limit of 0.03 µg/mL. 
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Figure 9. Calibration curve of the immunosensor for the detection of NS1 protein. 

 

3.6. Detection of NS1 Antigen in Real Serum Samples 

The proposed immunosensor was also tested against real NS1 samples. However, firstly, the optimum 

serum dilution needed to be determined. To achieve this, a twofold serial dilution of pooled NS1 positive 

serum was prepared and subjected to the NS1 antigen immunosensor. It was found that  

the immunosensor responses for the NS1 positive serum pool were detectable up to 1:128 dilution and 

the developed sensor yielded a maximum response at 1:2 dilution (Figure 10). 

Figure 10. Optimization of serum dilution for the detection of dengue NS1. 
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Results based on these 20 samples showed that this immunosensor could successfully detect all  

10 positive and 10 negative dengue NS1 serum samples (Figure 11a). Following this, the sensitivities of 

each individual sample obtained via immunosensor and Panbio ELISA kit (in the form of optical density 

(OD)) (Figure 11b) were compared and it was found that samples with a high OD produced  

a higher current signal in the immunosensor assay; the opposite was true for samples with lower OD. 
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Figure 11. (a) Dengue NS1 detection in real samples; (b) Comparative analysis of dengue 

NS1 serum samples performed with Panbio ELISA kit and immunosensor. 

 
(a) 

 
(b) 

4. Discussion 

The application of SPCEs is not merely useful in terms of cost-effectiveness; it also yields 

reproducible results and offers a more sensitive method for the detection of the target analyte. Thus, 

reproducibility of SPCEs was also evaluated in this study. The relative standard deviation of the 

measurements for the triplicate electrodes was found to be 3.28%, suggesting a good reproducibility for 

the proposed immunosensor, attributable to the carbon ink used in the fabrication of SPCEs. In order to 

measure the electrochemical response, the SPCEs are subjected to certain potential for a given time. 

Therefore, stability is a crucial factor in producing good results without affecting the conductivity of the 

surface for a given time [19]. In this study, SPCEs were subjected to 10 cycles of CV by using the 

ferricyanide redox system. The cyclic voltammograms of 10 superimposed cycles showed good 
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the electrode was stable for the assay. This stability could be attributed to the strong binding of carbon 

paste to a ceramic surface. 

Oriented immobilization of antibodies plays an indispensable role in the fabrication of 

electrochemical immunosensors [25]. In this study, comparative immobilization methods for capture 

antibody immobilization were studied, i.e., passive adsorption and the streptavidin/biotin system. Both 

methods yielded stable responses during the assay, although the streptavidin/biotin system showed better 

detection signals than the passive technique. This improvement in signal detection with the 

streptavidin/biotin system was perhaps due to the availability of more antibody recognition sites caused 

by the oriented antibody immobilization. The passive adsorption was less effective due to the 

inconsistent orientation of the anti-NS1 capture antibody. When antibody molecules are passively 

adsorbed onto surfaces, the antibody stabilizes and binds weakly to the surface through electrostatic, 

hydrophobic, and polar intermolecular interactions, resulting in a random orientation of the paratopes 

and significant loss of antibody activity [26,27]. 

The antibody immobilization could be visualized through SEM images. The SEM images in  

the current study showed that the non-modified SPCEs displayed empty spaces on the surface.  

On the contrary, SPCEs modified with the anti-NS1 antibody exhibited cloudy clusters, suggesting that 

the antibody was successfully immobilized. 

The immobilization of the capture antibody and other immunoreagents were further verified by  

the ferricyanide redox system with CV. Each time the SPCEs were modified with any of  

the immunoreagents, such as CMD or anti-NS1 antibody, a decrease in the anodic and cathodic peaks 

was observed. This decrease in the area of redox peak was due to the adsorption of the NS1 antibody 

and other immunoreagents that are insulating in nature, therefore producing resistance to the flow of 

electrons or causing interference in the flow of electrons, eventually resulting in the decrease of redox 

peaks [28,29]. 

The analytical performance of an immunosensor is dependent on various parameters of the assay 

procedures, including washing frequency, incubation time, and optimum concentration of capture 

antibody and detection antibody [30]. In order to enhance the performance of the developed NS1 antigen 

immunosensor, all these parameters were investigated. An initial optimization procedure attempted to 

reduce background signals, which may lead to false positive results. The optimization assay for the  

anti-NS1 detection antibody showed that a concentration above 5 µg/mL produced false background 

signals, probably because an excessive amount of antibody may breach the blocking barrier and could 

lead to false results. Hence, a concentration of 5 µg/mL of anti-NS1 detection antibody was chosen for 

subsequent experiments. Optimizing the concentration of anti-NS1 capture antibody is also a crucial part 

of developing this immunosensor, as it directly affects the sensitivity of the assay [16]. It was 

demonstrated in this study that the use of 20 µg/mL anti-NS1 capture antibody gave the best current 

response, suggesting that at this concentration there is maximum availability of antibody recognition 

sites on the electrode [31]. On the contrary, concentration below or above 20 µg/mL resulted in poor 

detection signals, most probably due to a lack of antibody recognition sites and saturated antibody, 

respectively [32]. 

In this study, incubation time for the immobilization and immunoreaction of streptavidin, the 

biotinylated anti-NS1 antibody, glycine, the NS1 antigen, and detection was found to be 60, 60, 15, 60, 

and 60 min, respectively. Additionally, it was determined in this study that four washes produced  
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a high detection signal and fewer background signals. Extensive washing could remove more nonspecific 

agents, which could otherwise interfere in the immunoreaction between the antibody and antigen. 

Following the completion of various optimization procedures, the immunosensor was subjected to 

sensitivity testing. For this purpose, a certain range of target NS1 antigen concentrations was chosen and 

tested to reflect the amount of NS1 antigen present in the real clinical samples. The developed NS1 

antigen immunosensor had a detection limit of 0.03 µg/mL, which is less than previously reported by 

Wu et al. (2005) [33]. In real serum samples, the NS1 antigen could be detected at levels up to  

15 μg/mL [34,35]. However, Alcon et al. (2003) [36] demonstrated that the dengue NS1 antigen may 

vary, depending on the type of infection. NS1 levels ranged from 0.04 to 2 μg/mL during primary dengue 

infection. This suggests that the developed biosensor in our study is capable of detecting dengue the NS1 

antigen in real clinical serum samples during acute dengue infection. This was further supported and 

validated following the use of 20 real serum samples. The results obtained were parallel to the Panbio 

ELISA results and the proposed immunosensor could successfully differentiate between the NS1 

positive and negative samples. This suggests that the developed immunosensor is able to detect dengue 

NS1 in real serum samples and has very good potential for the useful diagnosis of acute dengue infection. 

5. Conclusions 

In this study, we have proposed a simple approach to the development of an electrochemical 

immunosensor for the detection of the dengue NS1 antigen in real samples. This approach is based on 

the immobilization of capture antibodies via the streptavidin/biotin system on SPCEs. Consequently, the 

application of the streptavidin/biotin system in the electrochemical immunosensor resulted in  

well-oriented immobilization of the capture antibody, which in turn enhanced the sensitivity of the assay. 

SPCEs used in this study showed good reproducibility and stability, although the electrical conductivity 

decreased with the immobilization of immunoreagents. This electrical conductivity could be enhanced 

by using a more advanced electrode, which in turn will improve the detection signals. 

Acknowledgments 

This study was supported by the MOSTI grant (305/PPSP/6113215) and NND grant 

(304/PPSP/6150123/U137). Om Parkash was a recipient of a TWAS-USM postgraduate fellowship.  

We are grateful to Mr. Muhammad Amiruddin Bin Abdullah for his assistance in  dengue serum  

sample collection. 

Author Contributions 

OP participated in the study design, carried out the experiments and drafted the manuscript. CYY 

participated in the study design and provided the screen printed carbon electrode. RHS conceived the 

whole study and involved in manuscript preparation and editing.  

Conflicts of Interest 

The authors declare no conflict of interest.  
  



Diagnostics 2014, 4 178 

 

 

References 

1. Wong, W.R.; Krupin, O.; Sekaran, S.D.; Mahamd Adikan, F.R.; Berini, P. Serological Diagnosis of 

Dengue Infection in Blood Plasma Using Long-Range Surface Plasmon Waveguides. Anal. Chem. 

2014, 86, 1735–1743. 

2. Bhatt, S.; Gething, P.W.; Brady, O.J.; Messina, J.P.; Farlow, A.W.; Moyes, C.L.; Drake, J.M.; 

Brownstein, J.S.; Hoen, A.G.; Sankoh, O.; et al. The global distribution and burden of dengue. 

Nature 2013, 496, 504–507. 

3. Zaytseva, N.; Montagna, R.; Lee, E.; Baeumner, A. Multi-analyte single-membrane biosensor for 

the serotype-specific detection of Dengue virus. Anal. Bioanal. Chem. 2004, 380, 46–53. 

4. Ratnam, I.; Leder, K.; Black, J.; Torresi, J. Dengue fever and international travel. J. Travel Med. 

2013, 20, 384–393. 

5. Pok, K.Y.; Lai, Y.L.; Sng, J.; Ng, L.C. Evaluation of nonstructural 1 antigen assays for the diagnosis 

and surveillance of dengue in Singapore. Vector Borne Zoonotic Dis. 2010, 10, 1009–1016. 

6. Lima, M.D.R.Q.; Nogueira, R.M.R.; Schatzmayr, H.G.; Santos, F.B.D. Comparison of Three 

Commercially Available Dengue NS1 Antigen Capture Assays for Acute Diagnosis of Dengue in 

Brazil. PLoS Negl. Trop. Dis. 2010, 4, e738. 

7. Linares, E.M.; Pannuti, C.S.; Kubota, L.T.; Thalhammer, S. Immunospot assay based on fluorescent 

nanoparticles for Dengue fever detection. Biosens. Bioelectron. 2013, 41, 180–185. 

8. Singh, M.P.; Majumdar, M.; Singh, G.; Goyal, K.; Preet, K.; Sarwal, A.; Mishra, B.; Ratho, R.K. 

NS1 antigen as an early diagnostic marker in dengue: Report from India. Diagn. Microbiol. Infect. Dis. 

2010, 68, 50–54. 

9. Watthanaworawit, W.; Turner, P.; Turner, C.L.; Tanganuchitcharnchai, A.; Jarman, R.G.;  

Blacksell, S.D.; Nosten, F.H. A prospective evaluation of diagnostic methodologies for the acute 

diagnosis of dengue virus infection on the Thailand-Myanmar border. Trans. R. Soc. Trop. Med. Hyg. 

2011, 105, 32–37. 

10. Osorio, L.; Ramirez, M.; Bonelo, A.; Villar, L.; Parra, B. Comparison of the diagnostic accuracy of 

commercial NS1-based diagnostic tests for early dengue infection. Virol. J. 2010, 7, 361. 

11. Hu, D.; Fry, S.R.; Huang, J.X.; Ding, X.; Qiu, L.; Pan, Y.; Chen, Y.; Jin, J.; McElnea, C.; Buechler, 

J. Comparison of Surface Plasmon Resonance, Resonant Waveguide Grating Biosensing and 

Enzyme Linked Immunosorbent Assay (ELISA) in the Evaluation of a Dengue Virus Immunoassay. 

Biosensors 2013, 3, 297–311. 

12. Oliveira, M.D.L.; Nogueira, M.L.; Correia, M.T.S.; Coelho, L.C.B.B.; Andrade, C.A.S. Detection 

of dengue virus serotypes on the surface of gold electrode based on Cratylia mollis lectin affinity. 

Sens. Actuators B 2011, 155, 789–795. 

13. Anderson, N.W.; Jespersen, D.J.; Rollins, L.; Seaton, B.; Prince, H.E.; Theel, E.S. Detection of  

the dengue virus NS1 antigen using an enzyme immunoassay. Diagn. Microbiol. Infect. Dis. 2014, 

79, 194–197. 

14. Silva, M.M.S.; Dias, A.C.M.S.; Cordeiro, M.T.; Marques, E., Jr.; Goulart, M.O.F.; Dutra, R.F.  

A thiophene-modified screen printed electrode for detection of dengue virus NS1 protein. Talanta 

2014, 128, 505–510. 



Diagnostics 2014, 4 179 

 

 

15. Stephen, S.; Charles, M.; Anitharaj, V.; Deepa, C.; Umadevi, S. Early dengue diagnosis  

by nonstructural protein 1 antigen detection: Rapid immunochromotography versus two the enzyme-

linked immunosorbent assay kits. Indian J. Pathol. Microbiol. 2014, 57, 81–84. 

16. Dias, A.C.; Gomes-Filho, S.L.; Silva, M.; Dutra, R.F. A sensor tip based on carbon nanotube-ink 

printed electrode for the dengue virus NS1 protein. Biosens. Bioelectron. 2013, 44, 216–221. 

17. Kassim, F.M.; Izati, M.N.; TgRogayah, T.A.; Apandi, Y.M.; Saat, Z. Use of dengue NS1 antigen for 

early diagnosis of dengue virus infection. Southeast Asian J. Trop. Med. Public Health 2011, 42, 

562–569. 

18. Cavalcanti, I.T.; Silva, B.V.M.; Peres, N.G.; Moura, P.; Sotomayor, M.D.P.T.; Guedes, M.I.F.; 

Dutra, R.F. A disposable chitosan-modified carbon fiber electrode for dengue virus envelope protein 

detection. Talanta 2012, 91, 41–46. 

19. Taleat, Z.; Khoshroo, A.; Mazloum-Ardakani, M. Screen-printed electrodes for biosensing:  

A review (2008–2013). Microchim. Acta 2014, 181, 1–27. 

20. Tangkuaram, T.; Ponchio, C.; Kangkasomboon, T.; Katikawong, P.; Veerasai, W. Design and 

development of a highly stable hydrogen peroxide biosensor on screen printed carbon electrode 

based on horseradish peroxidase bound with gold nanoparticles in the matrix of chitosan.  

Biosens. Bioelectron. 2007, 22, 2071–2078. 

21. Rao, V.K.; Sharma, M.K.; Pandey, P.; Sekhar, K. Comparison of different carbon ink based  

screen-printed electrodes towards amperometric immunosensing. World J. Microbiol. Biotechnol. 

2006, 22, 1135–1143. 

22. Sharma, M.K.; Goel, A.K.; Singh, L.; Rao, V.K. Immunological Biosensor for Detection of Vibrio 

cholerae O1 in Environmental Water Samples. World J. Microbiol. Biotechnol. 2006, 22, 1155–1159. 

23. Baniukevic, J.; Kirlyte, J.; Ramanavicius, A.; Ramanaviciene, A. Application of oriented and random 

antibody immobilization methods in immunosensor design. Sens. Actuators B 2013, 189, 217–223. 

24. Cavalcanti, I.T.; Guedes, M.I.; Sotomayor, M.D.; Yamanaka, H.; Dutra, R.F. A label-free 

immunosensor based on recordable compact disk chip for early diagnostic of the dengue virus 

infection. Biochemical Engineering Journal 2012, 67, 225–230. 

25. Wan, Y.; Su, Y.; Zhu, X.; Liu, G.; Fan, C. Development of electrochemical immunosensors towards 

point of care diagnostics. Biosens. Bioelectron. 2013, 47, 1–11. 

26. Ferreira, N.S.; Sales, M.G.F. Disposable immunosensor using a simple method for oriented antibody 

immobilization for label-free real-time detection of an oxidative stress biomarker implicated in 

cancer diseases. Biosens. Bioelectron. 2014, 53, 193–199. 

27. Liao, W.-C.; Annie Ho, J.-A. Improved activity of immobilized antibody by paratope orientation 

controller: Probing paratope orientation by electrochemical strategy and surface plasmon resonance 

spectroscopy. Biosens. Bioelectron. 2014, 55, 32–38. 

28. Yun, Y.; Bange, A.; Heineman, W.R.; Halsall, H.B.; Shanov, V.N.; Dong, Z.; Pixley, S.;  

Behbehani, M.; Jazieh, A.; Tu, Y. A nanotube array immunosensor for direct electrochemical 

detection of antigen–antibody binding. Sens. Actuators B 2007, 123, 177–182. 

29. Silva, M.M.S.; Dias, A.C.M.S.; Silva, B.V.M.; Gomes-Filho, S.L.R.; Kubota, L.T.; Goulart, M.O.F.; 

Dutra, R.F. Electrochemical detection of dengue virus NS1 protein with a poly(allylamine)/carbon 

nanotube layered immunoelectrode. J. Chem. Technol. Biotechnol. 2014, doi:10.1002/jctb.4305. 



Diagnostics 2014, 4 180 

 

 

30. Bhattacharya, M.; Hong, S.; Lee, D.; Cui, T.; Goyal, S. Carbon nanotube based sensors for the 

detection of viruses. Sens. Actuators B 2011, 155, 67–74. 

31. Salam, F.; Tothill, I.E. Detection of Salmonella typhimurium using an electrochemical 

immunosensor. Biosens. Bioelectron. 2009, 24, 2630–2636. 

32. Zhang, S.; Zheng, F.; Wu, Z.; Shen, G.; Yu, R. Highly sensitive electrochemical detection of 

immunospecies based on combination of Fc label and PPD film/gold nanoparticle amplification. 

Biosens. Bioelectron. 2008, 24, 129–135. 

33. Wu, T.-Z.; Su, C.-C.; Chen, L.-K.; Yang, H.-H.; Tai, D.-F.; Peng, K.-C. Piezoelectric immunochip 

for the detection of dengue fever in viremia phase. Biosens. Bioelectron. 2005, 21, 689–695. 

34. Young, P.R.; Hilditch, P.A.; Bletchly, C.; Halloran, W. An Antigen Capture Enzyme-Linked 

Immunosorbent Assay Reveals High Levels of the Dengue Virus Protein NS1 in the Sera of Infected 

Patients. J. Clin. Microbiol. 2000, 38, 1053–1057. 

35. Amorim, J.H.; Alves, R.P.; Boscardin, S.B.; Ferreira, L.C. The dengue virus non-structural 1 protein: 

Risks and benefits. Virus Res. 2014, 181, 53–60. 

36. Alcon, S.; Talarmin, A.; Debruyne, M.; Falconar, A.; Deubel, V.; Flamand, M. Enzyme-linked 

immunosorbent assay specific to Dengue virus type 1 nonstructural protein NS1 reveals circulation 

of the antigen in the blood during the acute phase of disease in patients experiencing primary or 

secondary infections. J. Clin. Microbiol. 2002, 40, 376–381. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


