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Utility of Fluorescence Immunoassay in Early 
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INTRODUCTION

Dengue, the most common arboviral infection worldwide, 
has spread rapidly to more than 129 countries. World over, 
about 3.9 billion people are at risk of acquiring dengue infec-
tion, 70% of these people at risk are from Asia. Over the last 
two decades, the number of reported cases has increased by 
eight-fold from half a million cases in 2000 to 2.4 million 
cases in 2010 and 4.2 million cases in 2019. Similarly, the 
reported deaths have increased from 960 to 4032 over 15 
years, from 2000 to 2015.1

The virus causes a wide spectrum of disease manifestations 
ranging from subclinical infection to severe disease that 
leads to bleeding, organ impairment and death. Therefore, 
early diagnosis of infection can help in improving the clini-
cal outcome of the disease by ensuring early initiation of 

supportive therapy and close follow-up, thus lowering the 
fatalities to less than 1%.2 The major obstacle in early diag-
nosis is the non-specific clinical presentation that may lead 
to delay and misdiagnosis of the disease. Therefore, all clini-
cally suspected cases must be confirmed by laboratory tests 
for efficient and accurate diagnosis.3

A range of laboratory diagnostic tests have been developed 
for dengue diagnosis. Definitive diagnosis of dengue in-
cludes isolation of virus by culture, viral genomic RNA de-
tection by Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR), detection of viral products like Non-Structural 
(NS1) protein or detection of host immune response to the 
virus by measuring the specific IgM/IgG antibodies against 
dengue virus using rapid immunochromatography test or En-
zyme Linked Immunosorbent Assay.2
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ABSTRACT
Introduction: Early and prompt diagnosis of dengue infection can help in improving the clinical outcome of patients by ensur-
ing early initiation of supportive treatment. Non-structural glycoprotein-1 (NS-1) is a useful biomarker for the early diagnosis of 
dengue as it is abundantly present in the serum during the early stages of infection. Several rapid diagnostic tests targeting 
NS-1 antigen are commercially available and many more are being developed. The present study evaluated a newly developed 
fluorescence immunoassay (FIA), NS-1 QUANTI CARD test, to determine its effectiveness in the early diagnosis of dengue.
Methods and Material: A total of 85 serum samples from clinically suspected dengue patients were tested for NS1 antigen by 
ELISA, FIA and rapid immunochromatography test (ICT). The performance characteristics of FIA and ICT were calculated con-
sidering ELISA as the gold standard test. Sensitivity, specificity, predictive values, likelihood ratios and Cohen’s Kappa value for 
the level of agreement were calculated using MedCalc® Statistical Software version 19.6.4.
Results: The overall sensitivity, specificity, positive and negative predictive values of FIA and ICT were found to be 96.5%, 
96.4%, 93.3%, 98.1% and 65.5%, 83.9%, 67.8%, 82.4%, respectively. There was almost a perfect level of agreement between 
the ELISA and QUANTI CARD test whereas ELISA and ICT results had a moderate level of agreement.
Conclusion: Owing to its shorter turnaround time (TAT), the NS1 Ag QUANTI CARD test can be a better alternative to ELISA 
for dengue diagnosis in resource-limited settings and critically ill patients for prompt diagnosis.
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Virus isolation by culture is the gold standard test for dengue 
diagnosis. It is time-consuming as it takes days and weeks 
to complete. The RT-PCR test requires specialized reagents 
and technical expertise. Both the tests are useful in the first 
five days of illness and thereafter the sensitivity of the tests 
decreases as the viremia decreases over time.4 Serological 
diagnosis is not helpful during acute illness as the antibod-
ies remain undetectable until 3-4 days post-symptom onset 
and require a second sample within 14-21 days for definitive 
diagnosis. NS-1 protein is released during the infection and 
is accumulated in human serum in very high concentrations. 
It is detectable early during the infection. Therefore, NS1 an-
tigen has become an attractive target for diagnostic assay de-
velopment as it is more specific and shows high specificity. 
However, the choice of diagnostic method depends on the 
time of sample collection, laboratory facilities the technical 
expertise available, and the purpose of testing, i.e., clinical 
diagnosis, epidemiological studies, or vaccine development.5

The most widely used test for diagnosis of dengue is Enzyme 
Linked Immunosorbent Assay (ELISA) which is used for de-
tection of viral antigen and anti-DENV IgM/IgG antibodies 
in patient serum. It has high specificity and sensitivity, but 
at the same time, it is time-consuming, labour-intensive and 
requires skilled manpower and equipment.4 Therefore, in the 
past two decades, with the growing demand for point-of-
care diagnostics, many Rapid Diagnostic Tests (RDTs) have 
flooded the market. However, the available diagnostic tests 
vary in their sensitivity and specificity.6

With the above background, the current study aims to evalu-
ate the diagnostic accuracy and utility of a newly developed 
rapid fluorescence immunoassay test, i.e., Dengue NS1 Ag 
QUANTI CARD test with a commercially available NS1 an-
tigen rapid immunochromatography test and NS1 ELISA for 
early diagnosis of dengue infection.

MATERIAL AND METHODS

The present study was carried out in the Department of Mi-
crobiology at Byramjee Jeejeebhoy Government Medical 
College, Pune, Maharashtra.

Study Design: A diagnostic evaluation study

Specimen collection
A total of 85 serum samples from patients suspected of den-
gue infection with fever for less than or equal to five days 
were collected and tested. Following all standard precau-
tions, 5 mL of blood sample was collected in a clean plain 
vacutainer. The blood was allowed to clot at room tempera-
ture for 45 minutes and then serum was separated.  10 se-
rum samples were also collected from healthy individuals to 
evaluate the specificity of the newly developed test.

Methodology
The collected serum samples were tested for NS1 antigen 
(NS1 Ag) using fluorescence immunoassay (FIA), Rapid Im-
munochromatography test (ICT) and ELISA test.

Dengue NS1 QUANTI CARD (J. Mitra & Co. Pvt. Ltd., 
New Delhi, India) is a fluorescence immunoassay test 
based on the principles of sandwich immunoassay. It is a 
cartridge-based test for the qualitative detection of Dengue 
NS1 Ag in human serum/plasma. On a nitrocellulose mem-
brane, the test region is coated with specific anti-dengue 
NS1 antibodies. When a sample containing NS1 Ag is 
added, the antigen forms a complex with a conjugated an-
tibody directed against the NS1 Ag. The antigen-antibody 
complex migrates along the nitrocellulose membrane to the 
test region and binds to immobilized antibodies forming an 
antibody-antigen-antibody immunocomplex. The results 
are read after 30 minutes using iQuant analyser. The results 
obtained were interpreted in terms of NS1 Ag units as reac-
tive (> 1.1 U), equivocal (> 0.9 to < 1.1 U) or non-reactive 
(< 0.9 U).

Dengue NS1 rapid antigen test (RAT) was performed using 
Dengucheck, a rapid qualitative immunochromatographic 
test for detection of NS1 Ag in serum/ plasma (Zephyr Bio-
medicals, a division of Tulip diagnostics (P) Ltd, Goa, India) 
according to the manufacturer’s instructions.

Similarly, Dengue NS1 Ag ELISA was performed using 
Dengue NS1 antigen Microlisa (J. Mitra & Co. Pvt. Ltd., 
New Delhi, India) according to the manufacturer’s instruc-
tions. It is a solid phase Enzyme Linked Immunosorbent as-
say based on the principles of direct sandwich ELISA.

Reproducibility of the test results of the newly available 
fluorescence immunoassay test, NS1 QUANTI CARD, was 
evaluated by testing four samples (two weak positive sam-
ples and two negative samples for NS1 Ag) at four different 
times by the same technician.

Statistical analysis
The data obtained was compiled using Microsoft® Excel. 
Sensitivity, specificity, predictive values, likelihood ratios 
and Cohen’s Kappa value for the level of agreement were 
calculated using MedCalc® Statistical Software version 
19.6.4.

RESULTS

Characteristics of the study population
A total of 85 samples were collected from suspected patients 
of dengue. The mean age of the study population was 20.98 
years and the sex ratio (male: female) was 1.7:1.
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Characteristics of the diagnostic tests
Comparison of several functional attributes of NS1 QUAN-
TI CARD test, NS1 rapid immunochromatography and NS1 
ELISA test is shown in Table 1.

Correlation between results of fluorescence immunoas-
say and rapid immunochromatography with NS1 ELISA 
test.
Out of 85 samples tested, NS1 ELISA was positive in 29 
(34.1%) and negative in 56 (65.9%) samples; dengue NS1 
QUANTI CARD test was positive in 30 (35.3%) and nega-
tive in 55 (64.7%) samples, and NS1 rapid immunochroma-
tography test was positive in 28 (32.9%) and negative in 55 
(67.1%) samples. The correlation between the results of NS1 
ELISA, NS1 QUANTI CARD test and rapid immunochro-
matography test is shown in Table 2 and 3, respectively.

Performance characteristics of fluorescence immunoas-
say and rapid immunochromatography test considering 
ELISA as the gold standard test.
The performance characteristics of the Dengue NS1 QUAN-
TI CARD test, Dengue NS1 Ag rapid immunochromatogra-
phy test was calculated considering Dengue NS1 ELISA as 
the gold standard test as shown in Table 4.

To test the specificity of the newly developed test, 10 serum 
samples collected from healthy individuals were tested. The 
specificity and NPV of the Dengue NS1 QUANTI CARD 
test were found to be 100% and 80%, respectively.

Reproducibility testing of Dengue NS1 QUANTI CARD 
test.
The dengue NS1 QUANTI CARD test results were repro-
ducible with all dengue samples (two dengue NS1 Ag posi-
tive and two dengue NS1 Ag negative) in four different runs 
as shown in Table 5.

DISCUSSION

Dengue infection usually presents with non-specific symp-
toms, mimicking any other viral infection. However, due to 
a wide spectrum of disease presentation, early diagnosis and 
prompt treatment are of paramount importance.1 Detection 
of NS1 antigen has emerged as a popular diagnostic method 
for early diagnosis of dengue as it becomes detectable from 
day 1 to day 9 after the onset of disease in both primary and 
secondary dengue cases.5 Therefore, many diagnostic tests 
have been developed using NS1 as a target and are being as-
sessed for early diagnosis of dengue.

One such newly developed test, the Dengue NS1 Ag QUAN-
TI CARD test, a fluorescence immunoassay test based on 
the principles of sandwich immunoassay was evaluated in 

this study. In the present study, the QUANTI CARD test pro-
duced results comparable to that of ELISA. The sensitivity, 
specificity, PPV and NPV of the FIA test were found to be 
96.5%, 96.4%, 93.3% and 98.1%, respectively. The Cohen’s 
Kappa value was found to be 0.92, indicating almost total 
agreement between ELISA and QUANTI CARD test results. 
The test showed reproducible results when tested at four dif-
ferent times. Our findings are similar to those of Pohekar 
et al. where the sensitivity, specificity, PPV and NPV were 
100%, 98.3%, 97.4% and 100%, respectively.7

The need for a simple point-of-care diagnostic test has led to 
the large-scale production of Rapid Diagnostic Tests (RDTs) 
using the immunochromatographic format. In this study, the 
sensitivity, specificity, PPV and NPV of RDT were 65.5%, 
83.9%, 67.8% and 82.4%, respectively. The Cohen’s Kappa 
value was 0.499, indicating a moderate level of agreement 
between ELISA and rapid ICT test results. The performance 
of the RDT kit was lower as compared to other studies in 
India as various studies have reported a sensitivity of 88% to 
100% and a specificity of 90% to 98%.8-11 In a study by Yow 
et al. (2021), the sensitivity and specificity of six RDT kits 
were found to be 68.5% to 87% and 100%, respectively.12 
Similarly, Pal et al. (2014) in their study have highlighted 
that the sensitivity of NS1 antigen rapid tests that have been 
reported in the literature varies from 58% to 99%.4

After comparing the characteristics of the three tests, it is 
observed that the ELISA test requires technical expertise, is 
time-consuming and requires a constant power supply for 
its operations. It requires approximately 2-3 hours of assay 
time. RDTs based on the principle of FIA and ICT, on the 
other hand, are easy to perform with very little expertise and 
require 15 to 30 minutes of run time. However, the interpre-
tation of results in the case of an ICT is subjective. This is 
of particular importance while interpreting tests with weak 
positive bands. Whereas the results of the FIA test are read 
using iQuant Analyser. This provides a numerical value to 
every test, thereby ruling out any subjectivity during the in-
terpretation of results. The inbuilt memory of the iQuant ana-
lyser can store results that can be used for future reference. 
It also has a 1-hour battery backup which keeps the machine 
operational in case of power failure.

CONCLUSION

To conclude, the performance of the newly developed Den-
gue NS1 Ag QUANTI CARD test was superior to the rapid 
immunochromatographic test and was comparable to the 
performance of the ELISA test. Due to its superior sensitiv-
ity, the ELISA test will remain the recommended choice of 
test in laboratories with trained manpower and equipment. 
On the other hand, in resource-limited settings such as in 
semi-urban and rural areas, with restricted availability of 
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skilled manpower and equipment, the fluorescence immu-
noassay with high sensitivity and lesser TAT can be a better 
alternative to ELISA. It would be a valuable tool for prompt 
diagnosis of dengue infection in critically ill patients as it 
may impact patient management by early initiation of ap-
propriate therapy.
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Table 1: Comparison of characteristics of NS1 QUANTI CARD test, NS1 rapid immunochromatography and 
NS1 ELISA test
Characteristics Dengue NS1 QUANTI 

CARD test
Dengue NS1 Ag rapid 
immuno-chromatography 
test

Dengue NS1 ELISA test

Assay Principle Rapid Fluorescence Immu-
noassay

Rapid Immuno-chromatog-
raphy

Enzyme Linked Immunosorbent 
Assay

Sample Serum, Plasma Serum Serum, Plasma

Assay time 30 minutes 15 minutes ~150 minutes

Sample Volume 50 µL 75 µL 50 µL

Format Cartridge based test Cassette based test 96-well micro-titre plate

Materials required Pipette, Assay buffer, iQuant 
analyser

Pipette/Dropper, Assay Buffer Pipette, Incubator, ELISA washer, 
ELISA reader

Interpretation Based on the numerical 
value given to each test us-
ing the iQuant analyser

Subjective Based on the numerical value given to 
each test using ELISA reader
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Characteristics Dengue NS1 QUANTI 
CARD test

Dengue NS1 Ag rapid 
immuno-chromatography 
test

Dengue NS1 ELISA test

Temperature for storage 
of kits

2-8 0C At room temperature 2-8 0C

Power Supply iQuant Analyser has a bat-
tery backup of one hour. 
Hence can be used in case of 
power failure

No power supply required Equipment such as ELISA reader and 
washer requires a constant power 
supply

Ease of performance Easy to perform, does not 
require technical expertise

Easy to perform, does not 
require technical expertise

Requires technical expertise

Table 2: Correlation between results of Dengue NS1 QUANTI CARD test and Dengue NS1 ELISA
Dengue NS1 QUANTI CARD test

Positive Negative Total

Dengue NS1 ELISA
(Reference test)

Positive 28 01 29

Negative 02 54* 56

Total 30 55 85

*2 samples equivocal by ELISA test were considered negative for easy calculation.

Table 3: Correlation between results of Dengue NS1 rapid immunochromatography test and Dengue NS1 ELI-
SA

Dengue NS1 rapid immunochromatography test

Positive Negative Total

Dengue NS1 ELISA
(Reference test)

Positive 19 10 29

Negative 09 47* 56

Total 28 57 85

*2 samples equivocal by ELISA test were considered negative for easy calculation.

Table 4: Performance of Dengue NS1 QUANTI CARD test, Dengue NS1 Ag rapid (with 95% Confidence Inter-
val).

Dengue NS1 QUANTI CARD test Dengue NS1 Ag Rapid Immunochromatography test

Sensitivity 96.55%
(82.24% to 99.91%)

65.52%
(45.67% to 82.06%)

Specificity 96.43%
(87.69% to 99.56%)

83.93%
(71.67% to 92.38%)

Positive Predictive Value (PPV) 93.33%
(78.18% to 98.20%)

67.86%
(52.32% to 80.24%)

Negative Predictive Value (NPV) 98.18%
(88.72% to 99.73%)

82.46%
(73.75% to 88.72%)

Positive Likelihood Ratio (PLR) 27.03
(6.92 to 105.62)

4.08
(2.12 to 7.84)

Negative Likelihood Ratio (NLR) 0.04
(0.01 to 0.25)

0.41
(0.25 to 0.69)

Cohen’s Kappa value (κ) 0.922 0.499

Table 1: (Continued)
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Table 5: Results of reproducibility testing of Dengue NS1 QUANTI CARD test.

Samples

1st Run 2nd Run 3rd Run 4th Run

Dengue NS1 
Ag units

Result

Dengue 
NS1 Ag 
units Result

Dengue 
NS1 Ag 
units Result

Dengue 
NS1 Ag 
units Result

Sample 1 101.59 Reactive 99.42 Reactive 105.23 Reactive 103.20 Reactive

Sample 2 1.9 Reactive 1.57 Reactive 1.43 Reactive 1.84 Reactive

Sample 3 0.73 Non- Reactive 0.00 Non- Reactive 0.27 Non- Reactive 0.71 Non- Reactive

Sample 4 0.29 Non- Reactive 0.67 Non- Reactive 0.35 Non- Reactive 0.26 Non- Reactive


