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ABSTRACT 

More sensitive rapid diagnostic tests would be useful in the management of dengue fever. We 

evaluated the performance of the ViroTrack acute dengue NS1 antigen kit used with the BluBox 

reader, a portable biosensing device, on stored serum samples. We tested 100 samples for dengue 

RNA by RT-PCR and for dengue NS1 by a commercial RDT (SD BIOLINE Dengue NS1 Ag, Abbott) 

and the ViroTrack test. Compared to RT-PCR, the overall sensitivity and specificity of ViroTrack was 

41.18% and 87.76% and SD was 35.29% and 87.76%. Using RT-PCR as the gold standard, we found 

similar specificities but a slightly higher sensitivity of the ViroTrack test compared with the SD NS1 

RDT. A larger study is on-going to assess the performance of ViroTrack at the point-of-care. 
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Introduction 

Dengue is an important public health problem in Asia and Latin America. There are four serotypes; 

individuals living in endemic areas may experience repeat dengue infections1. Since dengue has non-

specific manifestations, an accurate rapid diagnostic test (RDT) would be useful, The flavivirus 

nonstructural 1 (NS1) protein is an important biomarker for early diagnosis of disease2. A study 

evaluating four NS1 RDT kits for diagnosis of acute dengue found sensitivity of 40-59% and specificity 

of 76-80% compared to RT-PCR and/or virus isolation3. An NS1 RDT with improved sensitivity would 

be ideal. 

 

A novel platform, BluBox (BluSense Diagnostics, Copenhagen, Denmark), is a portable device for use 

with diagnostic test kits. The ViroTrack acute dengue NS1 antigen test consists of a microfluidic disc 

with magnetic nanoparticles (MNP) coated with high-affinity monoclonal antibodies against NS1. The 

presence of NS1 antigen in the specimen triggers MNP agglutination and nanocluster formation. The 

amount and size of the nanoclusters correlate with the NS1 concentration that is detected using an 

optomagnetic readout in the BluBox4.  An initial study in Barcelona of 48 samples from travelers with 

RT-PCR-confirmed arboviral infections revealed a 95% sensitivity and 100% specificity of the 

ViroTrack test5. Dengue among European travelers is usually a primary infection. The performance of 

NS1 tests in dengue-endemic countries, where secondary dengue occurs frequently, may be different. 

We conducted a pilot study to evaluate the performance of the ViroTrack Acute Dengue NS1 Ag test 

for diagnosis of acute dengue infection in the Philippines. 

 

Results 

We tested 100 stored serum samples, 51 (51%) of which were positive for dengue RNA by RT-PCR 

(Figure 1). The specificity of SD against RT-PCR was similar to that of ViroTrack against RT-PCR but 

its sensitivity at 35.29% (22.43% to 49.93%) was lower due to four ViroTrack and RT-PCR positive but 

SD negative samples. In comparison, there was one SD and RT-PCR positive but ViroTrack negative 

test. (Table 1). Overall, the ViroTrack test correlated closely with the SD results and showed a 

sensitivity of 95.83% (78.88% to 99.89%) and specificity of 94.74%  (87.07% to 98.55%).  
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We compared the operational characteristics of the NS1 tests. The SD NS1 RDT kit did not require 

additional materials and was used without a reader. Preparations from turning on the Blubox machine, 

placement of serum into the inlet and loading of the cartridge to the reader took an additional 2-3 

minutes. The Virotrack test manual provides clear instructions and test performance was considered 

simple. Four out of 100 Virotrack tests were invalid and had to be repeated. Since the BluBox screen 

automatically informed the technician of invalid tests and provided a positive or negative result, there 

was no subjectivity in the test interpretation.  

 

Discussion 

We found a slightly higher sensitivity of the ViroTrack test compared with the SD NS-1 RDT (41.18% 

versus 35.29%), albeit lower than the 95% sensitivity in European travelers5. This is likely due to the 

lower NS1 antigen positivity rate in secondary compared with primary infections3, 6. The results in this 

small study are encouraging and justify the continued assessment of the ViroTrack test. 

 

Our study has several limitations. First, our results are based on the testing of saved sera, which has 

undergone transport, freezing and thawing. It is possible that using the test at the point-of care will 

yield better results from the ViroTrack test; such a study is on-going. Second, we were unable to 

determine potential factors affecting the performance of the ViroTrack test. Ideally, a larger evaluation 

that includes further analysis of the ViroTrack performance by age group, primary versus secondary 

dengue infection, severity of dengue illness, number of days of illness when the specimen was 

collected, infecting dengue serotype and other factors should be done. 

 

In conclusion, the ViroTrack acute dengue NS1 Ag when used with the BluBox reader is easy to 

operate and may be deployed in the field. A larger study using point-of care testing is on-going.  

 

Methods 
 
This study was performed following the Standards for the Reporting of Diagnostic Accuracy Studies 

(STARD) guidelines7. The protocol was reviewed and approved by the University of the Philippines 

Manila – Research Ethics Board. 
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Stored sera from children, 9 to 14 years of age, who presented with an acute febrile illness, are 

participants of dengue fever studies and have signed broad informed consent and assent were 

included. Sera were randomly chosen using Microsoft Excel and stratified to ensure that nearly half 

the tested samples were RT-PCR positive for dengue.We tested each specimen for dengue RNA by 

RT-PCR and for dengue NS1 by a commercial RDT (SD BIOLINE Dengue NS1 Ag, Abbott) and the 

ViroTrack test. RT-PCR was performed in the Research Institute for Tropical Medicine as previously 

reported8. Two technicians, blinded to the RT-PCR results, performed the NS1 testing. The SD Bioline 

Dengue NS1 test was done following manufacturer’s instructions; three drops of serum were placed 

into the sample well and control and test results were read after 15-20 minutes. The ViroTrack test 

was done by placing 30 l of serum on the cartridge loading inlet, then the cartridge was placed inside 

the Blubox optical reader. Qualitative and quantitative results appeared on the screen after 10 

minutes. Samples were read as high positive, positive, equivocal or negative according to numerical 

results of >100, 27.1 to 100, 23.1 to 27 and zero immunomagnetic assay (IMA) units, respectively.  

 

The ViroTrack and the SD BIOLINE results were compared with the dengue RT-PCR results.. 

Sensitivity, specificity, positive predictive value (PPV), the negative predictive value (NPV) and 

accuracy were calculated according to standard methods9. Using the following assumptions: sensitivity 

of 67%, specificity of 90%10, precision of 0.1, prevalence of 50% and 95% confidence interval, at least 

77 samples were required for testing. 

 

Calculations were done using Stata, version 13 (StataCorp, College Station, TX, USA). 

 

Data availability 

The data that support the findings of this study are available from BluSense Diagnostics, Denmark but 

restrictions apply to the availability of these data, which were used under license for the current study, 

and so are not publicly available. Data are however available from the authors upon reasonable 

request and with permission of Blusense Diagnostics, Denmark.  
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Table 1. Diagnostic performance of the dengue NS1 rapid diagnostic tests  

 
Virotrack dengue acute 

NS1 test against dengue 
RT-PCR  

SD Bioline test against 
dengue RT-PCR  

Virotrack Dengue Acute 
NS1 test against SD 

Bioline NS1  

Sensitivity 

(95% CI) 

(TP/(TP+FN)) 
 

41.18%  

(27.58% to 55.83%) 

(21/51) 

35.29%  

(22.43% to 49.93%) 

(18/51) 

95.83%  

(78.88% to 99.89%) 

(23/24) 

Specificity 

(95% CI) 

(TN/(TN+FP)) 

87.76%  

(75.23% to 95.37%) 

(43/49) 

87.76%  

(75.23% to 95.37%) 

(43/49) 

94.74%  

(87.07% to 98.55%) 

(72/76) 

Positive 
Likelihood Ratio 

(95% CI) 

3.36  

(1.48 to 7.62) 

2.88  

(1.25 to 6.65) 

18.21  

(6.99 to 47.44) 

Negative 
Likelihood Ratio 

(95% CI) 

0.67  

(0.52 to 0.86) 

0.74  

(0.59 to 0.93) 

0.04  

(0.01 to 0.30) 

Positive 
Predictive Value 

(95% CI) 

(TP/(TP+FP)) 

77.78% 

 (60.70% to 88.81%) 

(21/27) 

75.00%  

(56.51% to 87.38%) 

(18/24) 

85.19%  

(68.82% to 93.74%) 

(23/27) 

Negative 
Predictive Value 

(95% CI) 

(TN/(TN+FN)) 

58.9%  

(52.69% to 64.85%) 

(43/73) 

56.58 %  

(50.91% to 62.08%) 

(43/76) 

98.63 % 

 (91.35% to 99.80%) 

(72/73) 

Accuracy 

(95% CI) 

TP+TN)/(TP+FN+
FP+TN) 

64% 

 (53.79% to 73.36%) 

(64/100) 
 

61.00%  

(50.73% to 70.60%) 

(61/100) 

95.00% 

 (88.72% to 98.36%) 

(95/100) 
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Figure 1: Flowchart on stored samples testing on RT-PCR, ViroTrack and SD Bioline 
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51 (51%) RT-PCR positive

ViroTrack

21 (41%) 
positive

30 (59%) 
negative

SD 
Bioline

18 (35%) 
positive

33 (65%) 
negative

49 (49%) RT-PCR 
negative

ViroTrack

6 (12%) 
positive

43 (88%) 
negative

SD 
Bioline

6 (12%) 
positive

43 (88%) 
negative


