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INTRODUCTION 
Fever is a common symptom of infectious diseases 
and is a primary reason patients seek medical 
attention. Vector-borne illnesses account for 
more than 17% of all infectious diseases.1 In 
Indonesia, vector-transmitted diseases (VBD) 
have the potential to cause unusual health events.2 
Differential diagnoses of fever caused by vector-
borne diseases include dengue virus infection 
(DVI), malaria, filariasis, chikungunya, Japanese 
encephalitis, and plague, among others.1,2 Dengue 
hemorrhagic fever (DHF) was first reported in 
Indonesia in 1968, in the cities of Surabaya and 
Jakarta, with 24 fatalities at that time. The number of 
cases has since increased, parallel to the expanding 
dengue-endemic areas in Indonesia.3,4) This makes 
DHF, caused by the Dengue virus (DENV), a 
significant health challenge in the country and an 
endemic disease.2,5 

The clinical manifestations of DVI closely resemble 
those of other viral infections, necessitating specific 
tests to differentiate it from other infections.6 
Identifying the infecting virus type is crucial for 
appropriate therapy and precise early detection, 
aiding in effective supportive management.7,8 The 
diagnosis of DVI relies on the patient's clinical 
manifestations and various laboratory examination 
modalities, each with its own advantages and 
disadvantages. Therefore, these examinations are 
complementary to ensure an accurate and timely 
diagnosis.9 

Several methods, including the detection of non-
structural protein 1 (NS1) antigen, anti-DENV 

antibodies, and DENV-specific nucleic acids, 
can confirm a dengue virus infection. Given the 
limitations of each modality, combining several 
laboratory examination techniques is strongly 
recommended for diagnosing DVI(9). A definitive 
diagnosis can be achieved through dengue virus 
isolation or molecular analysis by identifying 
DENV ribonucleic acid (RNA) utilizing the Reverse 
Transcriptase-Polymerase Chain Reaction (RT-
PCR) method.10

RT-PCR testing is advantageous due to its high 
specificity (99% to 100%) and variable sensitivity 
(28.8%-99%), depending on the PCR method.10,11 
However, RT-PCR has several drawbacks, such 
as the need for expertise, relatively high costs, 
and the requirement for a comprehensive set of 
sophisticated laboratory facilities. Consequently, 
PCR examinations are challenging to implement in 
primary care laboratories, particularly in Indonesia, 
and are not commonly performed.12 RT-PCR 
examinations are necessary as confirmatory tests, 
especially in cases of DVI with positive NS1 antigen 
findings, considering the possibility of cross-reaction 
and hyperendemic areas.9

The most commonly used tests to support the 
diagnosis of DVI are antigen and antibody tests, 
which differ slightly from DENV molecular testing.13 
The NS1 antigen test, with high specificity (100%) 
and moderate sensitivity (34% to 76%), is utilized 
as a first diagnostic option in primary care.11 The 
detection of the NS1 DENV antigen is crucial for 
DVI diagnosis, particularly early in the course of 
the disease. The NS1 antigen, a glycoprotein crucial 
to DENV survival,14 can be detected using various 
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techniques, such as immunochromatography (ICT), fluorescence 
immunoassay (FIA), and enzyme-linked immunosorbent assay 
(ELISA). Each technique has its benefits, drawbacks, and diagnostic 
values.15 Pal (2014) reported higher sensitivity for NS1 antigen 
detection using the ELISA method compared to ICT.15 Similarly, a 
study conducted in Malaysia by Chua et al. found that the NS1 antigen 
examination using the ELISA method was more sensitive than virus 
isolation and real-time RT-PCR.16

In this study, researchers aim to analyze the presence of NS1 antigen 
positivity in non-DVI samples confirmed by real-time RT-PCR 
examination with semi-quantitative NS1 antigen examination. 
The results are expected to provide insight into the advantages and 
disadvantages of laboratory examination modalities for detecting 
dengue virus pathogens.

METHODS 

Patients
This study was part of a larger investigation exploring the epidemiology 
of dengue. The study population consisted of 130 patients with 
confirmed non-DVI by RT-PCR examination. These patients, aged 
1-65 years, presented with acute febrile illness and attended primary 
healthcare centers in Jember, Tulungagung, and Surabaya from March 
2019 to February 2020. Acute febrile illness was defined as an axillary 
temperature > 38 °C lasting less than 5 days. Serum samples were 
initially stored at -20 °C at the study sites and then transferred weekly 
to Dr. Soetomo General Academic Hospital in Surabaya, where they 
were stored at -70 °C.

Serum Sample Selection
Patients with an insufficient serum volume or incompletely filled-out 
case record forms were excluded from the study.

NS1 Antigen ELISA
All serum samples were tested for dengue NS1 antigen (NS1Ag) using 
the Platelia™ Dengue NS1Ag-ELISA (Bio-Rad Laboratories). This 
one-step enzyme-linked immunoassay (ELISA) qualitatively or semi-
quantitatively detects dengue virus NS1 antigen. The kit employs a 
sandwich enzyme microplate immunoassay with murine monoclonal 
antibody peroxidase as the probe. The procedure followed the 
manufacturer's instructions. The examination results were expressed 
as an S/CO ratio, where S is the optical density of the sample, and CO is 
the average calibration repetition. Interpretation of the ratio values was 
categorized as positive, negative, or equivocal.

DENV Polymerase Chain Reaction
For nucleic acid extraction, 140 µL of serum was used with the QIAamp 
Viral RNA Mini Kit (Qiagen, Hilden, Germany). Collected RNA was 
stored at -70 °C before performing real-time RT-PCR according to the 
manufacturer’s protocols. DENV serotype detection was conducted 
using real-time RT-PCR with the Dengue RT-PCR Test Real-Time 
instrument. 

Data analysis	
Statistical analyses were performed using SPSS for Windows (version 
16.0.1; SPSS, Chicago, IL). Frequencies and means or medians were 
calculated to describe background variables. Predictive values were 
determined by cross-tabulating the true diagnosis versus NS1Ag-based 
diagnoses. 

RESULTS 
The study utilized 130 stored non-DVI samples, which were confirmed 
to be free of dengue virus through real-time RT-PCR. All samples were 

tested for NS1 antigen using ELISA. Of the 130 samples, 4 were positive 
for NS1Ag. The examination process is illustrated in Diagram 1, and 
the demographic results are presented in Table 1.

Diagram 1. Flow diagram of the identified studies

The demographic data showed an average age of 19 years, with 52% 
of the samples being male. The average duration of fever was 3 days. 
According to the NS1 Ag ELISA results, 4 (3.3%) of the DENV-negative 
samples tested positive for NS1Ag.

All four samples that tested positive for NS1Ag were male and 
developed a fever on the fourth day. The optical density ratios (ODRs) 
for these samples were found to be greater than 1. The positive samples 
included both adult and pediatric patients, with two samples from each 
group. In total, 3.08% of the samples were NS1Ag positive.

DISCUSSION 
Molecular examination remains the gold standard for virus detection, 
with DENV RT-PCR being one of the primary methods for diagnosing 
Dengue virus infection.17 DENV RT-PCR boasts 100% specificity 
but has varying sensitivity between 28.8% and 76.6%(10). Variations 
in DENV PCR sensitivity can lead to false-negative results, which is 
a significant concern as it affects the management of DVI therapy. 
The NS1 antigen test is still favored for early diagnosis of dengue 
virus infection due to its high specificity (100%).18 In this study, the 
population consisted of stored biological samples from fever patients 
confirmed as non-DVI using real-time RT-PCR. 

Among the 130 negative DENV RT-PCR samples, 4 (3.08%) tested 
positive for the NS1 antigen. The discrepancy between the RT-PCR and 

130 Non-DVI samples, confirmed with 
RT-PCR Dengue 

NS1 antigen test 

NS1 Antigen (+) 

4 samples 

NS1 Antigen (-) 

126 samples 

Demographic Result
Age 19 (1-60) years old
Sex
     Male
     Female

68 (52.3 %)
62 (47.7 %)

Day of Fever 3 (1-4) days
NS1 Ag ELISA
    Positive
    Negative

4 (3.1 %)
126 (96.9 %)

Table 1. Demographic data of enrolled patients.

No Sample Days of fever Ages (y.o) Gender (M/F) ODR value
092 4 26 M 7.53
104 4 8 M 8.02
106 4 15 M 5.17
110 4 27 M 7.72

Table 2. Characteristics of 4 non-DVI samples with positive NS1 Ag.
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NS1 antigen results can be influenced by several factors. A negative 
DENV RT-PCR result could indicate either a true negative or a false 
negative. Researchers believe this discrepancy may be due to the varying 
sensitivity of DENV PCR. Factors influencing DENV PCR sensitivity 
include the type of PCR method used, primers, the presence of DENV 
mutations, DENV serotypes, and mismatched nucleotides. Aryati 
(2014) noted that conventional PCR methods have lower sensitivity 
compared to real-time PCR methods.10,19 This study, however, does 
not discuss the specific DENV PCR primers used or the possibility of 
DENV mutations, necessitating further research.

The specificity of the NS1 antigen in this study was slightly lower than 
the 100% specificity found in the study by Aryati et al. (2013) in the 
non-DVI group and healthy patients(18). Other studies reported 
NS1 antigen sensitivity and specificity values of 93.4% and 100%, 
respectively, in primary infection, with 100% PPV and 97.3% NPV.20 
Kumarasamy (2007) also found that NS1 antigen-capture ELISA had 
higher sensitivity and specificity than virus isolation and RT-PCR in 
the early stages of laboratory confirmation for single serum samples 
of dengue infection patients, particularly in cases of primary infection. 
The diagnostic value improves when combined with IgM capture-
ELISA.16 

Gaikwad (2017) reported sensitivity, specificity, PPV, and NPV values 
of 89.9%, 100%, 100%, and 94%, respectively, for 200 serum samples 
from patients suspected of having dengue. These results are better than 
those of the rapid dengue NS1 antigen, which had values of 81.5%, 
66.7%, 78.2%, and 71.1%. In the early stages of dengue, especially during 
epidemics, NS1 ELISA is very beneficial. However, the requirement 
for sophisticated instruments and resources limits the routine use of 
ELISA as a first diagnostic technique for dengue infection patients.21,22

Considering the high specificity of the NS1 antigen, the 3.08% 
discrepancy between DENV PCR and NS1 antigen results might be 
attributed to the low detection ability of DENV PCR due to the factors 
mentioned above. Each method has its advantages and disadvantages, 
and this study did not aim to compare the assessment of the PCR 
method and the NS1 antigen. Dengue RT-PCR data must be interpreted 
with caution. Despite its high specificity and variable sensitivity, false-
negative results can occur, potentially impacting DVI management.

CONCLUSION 
Researchers believe that the varying sensitivity of DENV PCR could 
explain the discrepancies observed in this study. Factors such as the 
type of PCR technology, the primers used, the presence or absence 
of DENV mutations, DENV serotypes, and mismatched nucleotides 
can all influence DENV PCR sensitivity. Therefore, accuracy is crucial 
when interpreting DENV RT-PCR test findings, as several factors can 
lead to false-negative results.
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