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Abstract 
Background and Objectives: Dengue fever is a mosquito born, acute febrile Arbo-viral disease affecting the 
tropical and subtropical region of the world, which is spread by the Aedes aegypti mosquito.  It is endemic in 
many parts of India and epidemics are also frequently reported from various parts of India and abroad. Dengue 
virus infection has emerged as a notable public health problem in recent decades in terms of mortality and 
morbidity associated with it. Severity of dengue fever varies with simple febrile illness to life threatening 
dengue haemorrhagic fever and dengue shock fever. It is necessary to diagnose the infection early to prevent 
complications from it. Taking this into the consideration the present study is conducted to evaluate the role of 
NS1 antigen ELISA for early detection dengue fever and to know the seroprevalence of dengue fever by NS1 
ELISA test. Association of NS1 antigen and platelet count and epidemiology of dengue fever in our region are 
also observed along with this.  
Material and Method: The present study has been carried out from July 2015 to November 2017 in 
Microbiology Department of a tertiary care hospital at Ahmedabad, Gujarat. Based on duration of illness, a total 
of 12,943 patients having signs and symptoms of Dengue with duration of illness less than 5 days were enrolled 
in this study. Blood sample of the patients were subjected to NS1 Ag ELISA test. From the total samples, 201 
samples were also tested for real time Reverse Transcriptase Polymerase Chain Reaction (rRT PCR) to compare 
NS1 Ag ELISA with PCR for early diagnosis. Dengue positive cases were also looked for platelet count to 
know the association of platelets in early diagnosis.  
Result: Among the total 12943 patients, 1844 were found positive for NS1 antigen ELISA test. Maximum 
number of the cases were found in age group 11 yrs to 20 yrs (38.17%) in male patients. This test gives positive 
results from 1st day of illness & maximum positivity was found on 3rd day (31.78%). A total of 201 samples 
were tested by both methods e.g. NS1 antigen detection by ELISA and by Molecular method, NS1 ELISA gives 
4 samples positive which were found negative by PCR, whereas PCR gives 5 samples positive which were 
negative by NS1 ELISA.  
Conclusion: Dengue fever, common in developing countries like India causes significant morbidity and 
mortality and presents like other viral illness. Hence these patients should be diagnosed early. Both the NS1 and 
RT-PCR are useful for early dengue diagnosis although in terms of cost, ease of performance and rapidity NS1 
is superior test. This will turn help to decrease complications and reduce morbidity and mortality. Though the 
PCR is most sensitive method for diagnosis of dengue, it is costly, time consuming and cumbersome. It also 
requires expertise. An outstanding point of NS1 Ag ELISA test is its high specificity during early infection. So 
it can used as routine diagnostic test. 
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Introduction 

Dengue fever is a most important arbovirus disease 
of human being, affects not only tropical countries 
but also affects areas which were previously 
considered as non-endemic and causes significant 
morbidity and mortality.  [1] It is caused by a virus 
belonging to the broad group of Arboviruses, 
family Flaviviridae, subfamily Flavivirinae and 
genus Flaviviruses. Dengue virus has a positive 
sense, ss RNA viral genome and there are four 
serotypes of dengue virus termed as DEN-1, DEN-
2, DEN-3, and DEN-4. [2] 

It is the most rapidly spreading mosquito-borne 
viral disease, with a 30-fold increase in global 
incidence over the past 50 years. The World Health 
Organization (WHO) estimates that 50–100 million 
dengue infections occur each year and that almost 
half the world’s population lives in countries where 
dengue is endemic. While dengue is a global 
concern, with a steady increase in the number of 
countries reporting the disease, currently close to 
75% of the global population exposed to dengue 
are in the Asia-Pacific region. [3] 

Majority of the dengue virus infected persons are 
asymptomatic but symptomatic patients may 
present with undifferentiated fever, non-sever and 
sever manifestation. Sometimes dengue fever may 
present with life threatening significant bleeding 
without evidence of capillary leakage or 
haemoconcentration. Some dengue Fever patients 
may also present with multiple organ involvement 
without bleeding and shock. In some patient there 
may be unusual atypical presentation also. [4] The 
mortality rate of DHF in most countries is about 
5%, primarily among children and young adults. In 
several Asian countries, it is the leading cause of 
hospitalization and death in children. [5] It may be 
difficult to diagnose dengue fever in the initial 
stage of the disease because the clinical 

presentations are almost similar to any other viral 
illness. [2] In this view, the present study is 
performed to know seroprevalence of dengue fever 
by NS1 antigen detection ELISA method and to 
evaluate NS1 antigen detection test for early 
diagnosis of dengue fever. Epidemiology of dengue 
fever in our region and association of platelet count 
with NS1 positive dengue cases are also observed 
as well. 

Material and Method 

The present study has been carried out from July 
2015 to November 2017 in Microbiology 
Department at a tertiary care hospital, Ahmedabad, 
Gujarat. A total of 12,943 patients having signs and 
symptoms of Dengue, with duration of illness less 
than five days were enrolled in this study. Around 3 
to 5 ml of blood was collected in plain vacuttee. 
Serum was separated by standard method and 
preserved at 4°c till testing.  

All samples were tested with Platelia™ Dengue 
NS1 Ag ELISA from Bio Red. [6] Among the 
12,943 patients 201 samples were also diagnosed 
by real time Reverse Transcriptase Polymerase 
Chain Reaction (rRT PCR) to compare NS1 Ag 
ELISA with PCR for early diagnosis. 

Method of Dengue rRT PCR:  

RNA Extraction:[7] RNA from 140 μl of serum 
samples was extracted using QIAgen Mini RNA 
extraction kit as per the manufacturer’s protocol. 
The samples were tested using a forward primer (nt 
10635-10658), a reverse primer (nt 10708-10682) 
and the probe (nt 10663-10679) (Invitrogen)  

Master mix preparation: Master mix solution was 
prepared by using Ag Path one step RT PCR  
enzyme kit. Master mix solution was prepare as 
shown in table 1 below. 

  
Table 1: Master mix preparation 

Sr.no. Reagent Volume per reaction 
1 RT PCR Buffer 12.5 xn 
2 Working solution of primers and probes 1.5xn 
3 Enzymes mix 1xn 
4 Nuclease free water  5xn 

To each of PCR tubes, 20 µl of master mix and 5 µl extracted RNA was added. In real time PCR machine cyclic 
condition was adjusted as shown in table 2. 

Table 2: Cycling Condition of PCR machine 
Stage  Temperature (°C) Time (minute: second)  No. Of cycles  
RT  45 10:00  1  
Initial Denaturation  95 10:00  
Denaturation  95 0:15  40  
Annealing+Extension  60 1:00  
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Result 
A total of 12,943 patients having signs and 
symptoms of the dengue were included in this 
study. All the patient had duration of illness ≤ 5 
days and were tested for NS1 Ag detection by 
ELISA. Among this 1844 were found positive for 
NS1 antigen.  

Month wise dengue positivity of NS1 is shown in 
Chart 1. It is evident from the chart that maximum 
number of the cases were found in year 2016. 
Every year the number of positive samples were 
maximum during the months of August to 
December.

 

 
Chart 1: Monthly Positivity of NS1 Cases 

 
Seasonal distribution of the cases is shown in chart 2. It suggests that dengue is a disease of monsoon and post 
monsoon season predominantly. There is a rise in number of cases between July to November in every year. 
 

 
Chart 2: Seosanal Distribution of Dengue NS1 Positive Cases 

 
Age distribution of NS 1 antigen shows that maximum number of the cases were found in the age group of 11-
20 years which is 38.17% followed by 21 – 30 years (34.2%). It is shown in table 3 and chart 3. 
 

Table 3: Age distribution of the NS1 positive cases 
1-10 yrs 11-20 yrs 21-30 yrs 31-40 yrs 41-50 yrs Above 50 yrs Total 
118 (16.2%) 220 (30.3%) 294 (40.6%) 75 (10.7%) 8     (1.1%) 9    (1.24%) 724 
97   (10.9%) 380   (42.9%) 267 (30.18%) 99 (11.17%) 23    (2.5%) 20 (2.25%) 886 
13   (5.6%) 104 (44.44%) 70 (29.9%) 19 (8.12%) 18    (7.7%) 10 (4.24%) 234 
228 (12.3%) 704 (38.17%) 631 (34.2%) 193 (10.4%) 49 (2.65%) 39   (2.1%) 1844 
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Chart 3: Age Distribution of NS1 positive Dengue cases 

 
As shown in table 4 male (64.80%) are affected higher than female (35.2%) in our study. Male to female ratio is 
1.8: 1. 
 

Table 4: Gender distribution NS1 positive cases 
Year Male Female Total 
2015 475 (65.6%) 249 (34 .4%) 724 
2016 581 (65.5%) 305 (34.5%) 886 
2017 139 (59.5%) 95(40.5%) 234 
Total 1195 (64.8%) 649 (35.2%) 1844 
 
The table 5 shows the duration of illness and NS1positivity. It reveals that NS1 antigen was detected from 1st 
day of the illness by ELISA. Maximum number of the cases (i. e. 586 – 31.78%) were detected by NS1 ELISA 
during 3rd day of the illness. 
 

Table 5: NS1 Positivity with Duration of illness 
Duration of Illness 2015 2016 2017 Total 
Day-1 47 62 17 113 (6.13%) 
Day-2 175 250 49 480 (26.03%) 
Day-3 191 312 83 586 (31.78%) 
Day-4 201 172 40 413 (22.40%) 
Day-5 120 90 44 252 (13.66%) 
Total 734 886 234 1844 
 
Association of platelet count with dengue positive cases is shown in table 6. It shows that 83.30% of cases had 
platelet count more than one lakh and 16.70% of the cases had platelet count less than one lakh. 
 

Table 6: Association of platelet count with dengue positive cases 
Year Platelet counts more than 1 lakhs Platelet count less than 1 lakh 
2015 601 123 
2016 736 150 
2017 199 35 
Total 1536 (83.30%) 308 (16.70%) 
 
A total of 201 samples were tested by both method e. g. NS1 antigen detection by ELISA and by Molecular 
method-rRTPCR. Among these 201 patients, 85 were NS1 positive and 116 were NS1 negative. By PCR 
method 86 were positive and 115 were negative. The results are shown in table 7. 
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Table 7: Result of samples tested by NS1 antigen ELISA and rRT PCR 
Result NS1 antigen by ELISA rRT PCR 
Positive 85 86 
Negative 116 115 
Total 201 201 
 
The positivity samples by NS1 Ag ELISA and viral RNA detection by real-time PCR method with duration of 
the illness (number of days after onset of fever) is shown in table 8. These show that NS1 antigen detection test 
by ELISA gives more positivity on day 1 than rRT-PCR method. 
 

Table 8: Positivity of NS1 and RT-PCR and days of onset of illness 
Duration of illness NS1 positivity rRT PCR Total sample positive 
Day-1 3 1 3 
Day-2 17 21 21 
Day-3 29 28 29 
Day-4 18 16 18 
Day-5 18 20 20 
Total 85 86 91 
 
If we compare both methods as shown in table 9, 
NS1 ELISA test showed 4 samples positive which 
were found negative by PCR whereas PCR showed 
5 samples positive which were negative by NS1 

ELISA. Sensitivity and specificity of NS1 Ag 
ELISA is 94.19% and 96.52% respectively in our 
study considering rRT PCR as a gold standard 
method.

 
Table 9: Comparison of NS1 and rRT PCR 

NS1Antigen rRT PCR Total 
Positive Negative 

Positive 81 (a) 4 (b) 85 (a+b) 
Negative 05 (c) 111 (d) 116 (c+d) 
Total 86 (a+c) 115 (b+d) 201 (a+b+c+d) 
 
Discussion 

Dengue virus infection has emerged as a notable 
public health problem in recent decades in terms of 
mortality and morbidity associated with it. Dengue 
is endemic in many parts of India and epidemics 
are frequently reported from various parts of India 
and abroad. [8] In this study, the potential use and 
the role of NS1 antigen test and its utility in early 
diagnosis in dengue illness is discussed. 

Out of 12,943 patients having signs and symptoms 
of the dengue, 1844 were positive for NS1 antigen. 
Seroprevalence of dengue by NS1 antigen test is 
14.25% (1844/12,943). Study done by Patankar M 
et al [9] showed 21 %, Lakshmi and Palaniappan 
[10] showed 24%, Datta et al [11] showed 23% 
prevalence. Prevalence of this study is fairly related 
with this. Low prevalence in our study may be due 
to two reasons; first, that the initial symptoms of 
dengue mimic those of malaria, typhoid and 
leptospirosis which are endemic in the country [12] 
So the negative cases may be suffering from other 
causes of fever and second that, the study period 
was prolonged, which included non-dengue 
seasonal fever cases also, as samples were collected 
throughout the year so, there is a possibility of 
dilution of data. Moreover, regional difference 
might be a reason for that. Seasonal distribution 

(chart 2) suggests that, cases start raising in the 
month of July in all the years with pick in the 
month of October and gradually fall down till the 
month of December. It suggests that dengue is a 
disease of monsoon and post monsoon season 
predominantly, which is similar to most of the 
previous outbreaks. [13] and this is due to high 
breeding of the vector, i. e. Aedes aegypti in this 
favourable season. As dengue is endemic in the 
India, very small number of sporadic cases were 
also found throw out the year. 

 Age distribution of the cases is shown in table 3, 
which suggests that maximally affected age group 
is 11 yrs to 20 yrs (38.17%) followed by 21-30 yrs 
(34.20%), 1-10 yrs (12.30%), 31 40 yrs (10.4%), 
41-50 yrs (2.65%) and > 50 yrs (2.1%). A study 
carried out by Duthade M et al [12] in 2015 at 
Aurangabad also shows age group 11- 20 yrs as 
highly affected age group. our study is well 
corelated with it. 

The gender distribution in the study shows male 
preponderance (64.8 %) as compared to female 
(35.20%), which is shown in table 4. Male to 
female ratio is 1.8: 1. Similar results were observed 
by Nerawar A et al [2] and Atul Gerg et al [14] 
who found male: female ratio as 2: 1, Duthade M et 
al [12] had ratio of 2.4: 1 and Tank Arun G & Jain 
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Mannu R [15] who observed a gender ratio of 2.54: 
1. In view of high mortality and morbidity 
associated with dengue especially in tropical 
countries, it is imperative to diagnose the disease 
during the early phase in order to start prompt & 
appropriate management and to avoid 
complications. The NS1 antigen is found together 
with endothelium, free or soluble in the serum of 
patients, and can be detected on days 0-9 after the 
onset of symptoms. [16] If we see NS1 positivity 
with duration of illness, it is observed that NS1 
antigen detection by ELISA test, gives positive 
results from the day 1st of the illness with 
maximum positivity in the day 3 (31.78%) 
followed by day 2 (26.03%), day 4 (22.40%), day 5 
(13.66%) and day 1 (6.13%). This shows that 
positivity starts from day one and decline gradually 
over the time up to 5th day of illness. This is shown 
in the table 5. A study carried out by Syed M et al 
also show NS1 positivity from day 1 of the illness 
with highest positivity in the day 3, which is well 
corelated with this study. NS 1 antigen circulates 
uniformly in all serotypes of dengue virus and it 
circulates at high level during the first few days of 
the illness.  Antigen levels as high as 2 to 10 
mcg/ml may be found in the acute stage of the sera, 
while in the convalescent stage these may be 0.4 
mcg/ml or less, this is the likely explanation for the 
much higher detection rate of NS1 in acute stage of 
the disease. [17] 

Association of platelet count and NS1 positive 
cases are shown in table 6. It is found that 83.30% 
of cases have platelet count more than 1 lakh and 
16.70% have platelet count less than one lakh, 
which indicate the thrombocytopenia. 
Thrombocytopenia has always been one of the 
criteria used by WHO guidelines, the definitions 
generally describe a rapid decline in platelet count 
or a platelet count less than 1,50,000 per microliter 
of blood. [18] 

According to WHO criteria it is one of the clinical 
criteria (platelet count < 1,00,000 cell/cumm) for 
diagnosis of DHF and DSS.4 Thus, it is a very 
important indicator of early suspect of cases and 
prognosis in dengue fever in remote areas because 
of cost effectiveness and easy to perform without 
any costly setup. This will in turn help to decrease 
complications and reduce morbidity and mortality 
in dengue infection.  

A total of 201 patients were tested by rRT-PCR 
method as well as by NS1 antigen detection test. 
Among these, 85 were found positive and 116 were 
found negative by NS1 Ag ELISA. By PCR 
method 86 are found positive and 115 are found 
negative. The results are shown in table 7. This 
shows that dengue detection rate by NS1 Ag 
detection ELISA test was 42.28% and that was 
similar to detection rate by rRT PCR method 
(43%). It is evident from this result that NS1 Ag 

ELISA is comparable to the molecular method for 
diagnosis of dengue fever. A study carried out by 
Ahmed NH & Broor S also found similar 
comparable result. [5]  

Comparison of the positivity by these two methods 
with duration of illness is shown in the table 8. It is 
observed that positivity of NS 1 Ag detection starts 
from the day 1, increases up to day 3 and then 
gradually declines. Positivity of NS1 Ag test on 
day one (100%) is significantly high in comparison 
to rRT PCR (33.33%). Comparison of NS1 Ag 
ELISA and r RT PCR is made in table 9. It 
suggests that, NS1 ELISA showed 4 samples 
positive, which were negative by PCR whereas 
PCR showed 5 samples positive, which were 
negative by NS1 ELISA. The sensitivity, 
specificity, positive predictive value (PPV) and 
negative predictive value (NPV) of NS1 test was 
counted by considering rRT PCR as a gold standard 
method. The sensitivity and specificity of the NS1 
test were 94.19% and 96.52% respectively and 
PPV and NPV were 95.29% and 95.68% 
respectively. In the published literature, the 
sensitivity of NS1 antigen detection ranges from 
76% to 97% and specificity from 98 to 100%.5 
Where as other published literature said that, ‘the 
NS1 antigen test for the diagnosis of acute dengue 
infection had demonstrated considerable variation 
in sensitivity (49.8% - 98.7%) but the specificities 
reported were more consistent with all being > 
90%’. [19] This study is closely related to it. The 
dengue NS1 antigen is highly conserved for all 
dengue serotypes, circulating in high levels during 
first few days of illness. It is not found in patients 
with Japanese encephalitis virus or yellow fever 
virus infections and so there is no cross reaction of 
it with those of other related flaviviruses. This is 
the reason of high specificity of this test. 5 Thus, 
detection of NS1 has been a promising test to 
diagnose dengue in its early febrile stage. 

Conclusion 

Dengue fever, common in developing countries 
like India causes significant morbidity and 
mortality, and presents like any other viral illness. 
Hence, these patients should be diagnosed early for 
prompt treatment. Both NS1 and RT-PCR are 
useful for early diagnosis of dengue, although in 
terms of cost, ease of performance and rapidity, 
NS1 is superior to RT-PCR. Not only NS1 gives 
early result, but it gives result from the day one of 
the onset of illness in comparison to PCR in our 
study. This will in turn help to decrease 
complications and reduce morbidity and mortality 
in dengue infection. Though PCR is the most 
sensitive method for diagnosis of dengue, it is very 
costly, time consuming and cumbersome. It also 
requires expertise. An outstanding point of the NS1 
Ag ELISA test is its high specificity even during 
early infection. So, NS1 antigen detection test by 
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ELISA can be used as a routine diagnostic test and 
unnecessary burden on the molecular lab could be 
eliminated by spreading the awareness about this 
among the physicians. 
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