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Dengue has become a major international public health problem due to human morbidity and
mortality it causes. Dengue NS1 antigen has been detected in the serum of DEN virus infected
patients as early as one day of onset of symptoms. In this study the potential use of dengue NS1
antigen and in early dengue diagnosis has been analysed. The study group consists of all febrile
patients with fever of duration less than 5 days attending the medical OPD for a period of one year
from July 2013. The blood sample was subjected to an immunochromatographic test for NS1
antigen, IgM and IgG antibodies. This was followed by ELISA for NS1 antigen, IgM and 1gG
antibodies. Out of 176 samples tested, 57 (32%) were positive for NS1 antigen by
immunochromatographic test. The 57 samples which were found to be positive by NS1 ELISA were
also found to be positive by immunochromatographic test. NS1 antigen detection is a useful tool in
the early diagnosis of dengue infection and deserves inclusion in the diagnostic algorithm for
suspected dengue fever cases. The results of NS1 antigen immunochromatographic test are
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comparable to that of NS1 antigen ELISA.

Introduction

Dengue virus belongs to Flaviviridae family
and the virus could be found in tropical and
sub tropical regions worldwide. Dengue fever
IS an acute, potentially fatal viral infection
that is endemic  throughout India“
Transmission of dengue virus in Asia is
maintained by a native mosquito species, the
Aedes albopticus. When the virus was
introduced into an area that had become
infested with the Aedes aegypti mosquito,
dengue epidemics occurred?.

According to WHO estimates dengue viral
infections are responsible for hundred million
cases of dengue infections annually and more
than five lakh cases of dengue haemorrhagic

fever’. The main factors which had made
dengue infections a global health problem is
unprecedented global population growth,
unplanned and uncontrolled urbanisation and
deterioration in water, sewer and waste
management systems”. The emerging dengue
viral infections is of great threat to the
mankind as there is no specific medication
available nor there is any vaccine available
against dengue virus.®

Dengue virus consists of four distinct
serotypes based on their antigens, namely
DENV1, DENV2, DENV3 and DENV4,
Dengue virus consists of a positive stranded,
encapsulated RNA as their genetic material
which is 11kb long and has a single open
reading frame (ORF) which codes for a single
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polypeptide. This polypeptide consists of
three structural proteins and seven non-
structural proteins. The structural proteins are
named as core protein C, membrane protein
M and envelope protein E. The seven non
structural proteins are NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5. ’

NS1 protein is a 50 kilodalton glycoprotein
(353 or 354 amino acids), which is expressed
on the surface of cells infected with dengue
virus. It is produced in both membrane
associated and secreted forms.. It may be
detected in the blood from the first day of
fever up to the fifth day of fever which is the

critical period of illness preceeding
defervescence which generally occurs by the
fifth day’® ' Therefore commercial

diagnostic kits have utilised virus coded NS1
antigen as a basis for early detection of
dengue viral infections™.

The antibody production following Dengue
viral infection consists of IgM and IgG
antibodies which are produced against the
viral envelope proteins. The type of antibody
production may depend on whether an
individual has a primary dengue viral
infection or a secondary dengue viral
infection'*. The first immunoglobulin isotype
to appear in primary dengue infection is IgM.
IgM  antibodies may be  detectable
approximately 3 to 5 days after the onset of
fever and then its levels increases rapidly and
peaks for 2 weeks after the onset of fever.
However 1gG immunoglobulins are detectable
at low titres by the end first week of illness
and then it rises slowly. The level of IgG
antibodies decline slowly over the next 3 to 6
months®,

Since, Kulasekharam is endemic to dengue,
detection of early cases by antibody method
does not give a correct number of dengue
cases. This is because people in this area will
have either serum IgG or IgM antibodies.
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Therefore in this study the potential use of
dengue NS1 antigen in early dengue diagnosis
is analysed and compared to the current
antibody methods available in our laboratory.

Materials and Methods

The study group consists of all febrile patients
with fever of duration less than 5 days
attending the medical OPD for a period of one
year from July 2013. The study was done
after receiving permission from institutional
ethical and research committee. A total of 176
blood samples from fever patients were
received in the microbiology lab of central lab
in our institution. The samples were subjected
to an immune chromatographic test (card test)
for NS1 antigen, IgM and IgG antibodies.
This was followed by ELISA (Enzyme
Linked Immunosorbent Assay) for detection
of NS1, IgM and 1gG antibodies of dengue
virus. The manufacturer instructions were
strictly followed.

Results and Discussion

The study was done using multi variant
regression analysis with dependent binary
variables. This model also assumes that Z is
linearly related to the predictors.*** **°

Z i= bo+b1Xir +boXio+bp Xip

Where
xij is the ] predictor for the i case

b; is the j™ coefficient
p is the number of predictors

Z is a binary variable which takes value 1 for
positive sample and zero for negative sample.

From figure 2 it could be shown that 57% of
the total sample were positive for one of the
dengue ELISA (NS1 antigen, IgM/IgG
antibody). Out of the 57%, 32% were positive
for NS1 ELISA, 21% for IgM ELISA and 4%
for 1I9G ELISA (Fig. 1).
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In figure 3, 36% of the samples were positive  which 32% were positive for NS1 antigen and
for immunochromatographic test, out of  only 4% were positive for dengue antibodies.

Table.1 Comparison of efficacy of various dengue specific seromarkers in the diagnosis of
dengue infection

DENGUE CARD TEST POSITIVE ELISA POSITIVE
SEROMARKERS
NSlantigen 57(32%) 57(32%)
IgM antibody 7(4%) 37(21%)
1gG antibody 0 7(4%)
Table.2 Comparison of platelet counts with various permutations and combinations of dengue
parameters
SEROLOGICAL TOTAL PLATELET COUNT LESS PERCENTAGE
MARKERS THAN 100,000ML
NS1 antigen 57 42 74%
IgM antibody 37 18 48%
1gG antibody 7 2 28%

Fig.1 Bar diagram comparing NSI antigen ELISA test and NSI antigen card test
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Fig.2 Pie Chart for ELISA Test
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Fig.3 Pie chart for, ICT (Card Test)
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Dengue fever is an important mosquito borne
viral disease of humans. The disease is now
present in more than hundred countries in the
world. The methods for detection of the virus
(by cell culture, immunofluorescence),
detection of virus antigen (by enyzme linked
immunosorbent assay, ELISA), detection of
anti-dengue virus antibody [by
haemagglutination Inhibition, (HI),
complement fixation (CF), neutralisation
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tests, ELISA ] and detection of viral nucleic
acid (by reverse transcriptase polymerase
chain reaction). However for confirmed
dengue diagnosis dengue virus should be
identified by isolation or nucleic acid
detection or there should be a four fold rise in
antibody titre in paired sera in patients
presenting with signs and symptoms
consistent with dengue virus infection®.
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The distribution of various specific dengue
parameters is shown in table 1. Considering a
very high sensitivity of NS1 it can be stated
that, the diagnosis in 32% of cases would
have been missed if NS1 was not included in
the test panel. Kulkarni (2011), Shrivastva
(2011), Datta (2010) have shown that NS1
was positive in 95 out of 320 cases (30%), 15
out of 91 cases (16%) and 140 out of 600
cases (23%) respectively in their studies®.
From the above it can be said that a large
number of cases would be missed if NS1
antigen is not included in the test panel for
dengue virus infection detection. Those who
are exclusively NS1 positives could be
offered appropriate supportive therapy, thus
avoiding any irrational use of antibiotics. The
dengue specific antibodies appear only by
third to fifth day of fever in primary dengue
infection’®>. Even in most secondary
infections, both IgM and 1gG type antibodies
cannot be recorded before the third day.
Moreover the utility of antibody relies mainly
on the rising titres especially in endemic
areas. The seromarker NS1 antigen which is a
highly sensitive dengue marker for dengue
infections is detected from the first day of
fever'’. Among the 57 NS1 antigen positive
cases 28 (49%) were detected on the second
day of fever

Following the initial infection, the dengue
virus replicates to high titres in the blood
before the patient becoming symptomatic
enough to go to a physician'?. During the
viraemic phase of dengue infection, NS1
antigen are produced during virus replication
in either membrane associated or secreted
forms. Soluble NS1 circulates in the serum of
patients of these patients and thus provides an
excellent tool for diagnosis of acute dengue
infections™.

In this study ELISA is taken as the gold
standard for serological testing of dengue
fever. NSlantigen was positive in 57 /
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176(32%) cases by immunochromatographic
test (Fig. 3). These 57 cases (32%) were also
found to be positive for ELISA (Fig. 2) and
those cases which were found to be negative
by card test were found to be negative by
ELISA. Thus it could be shown that the rapid
immunochromatographic test used in this
study is equally sensitive and specific to
ELISA. Although virus isolation is considered
to be the gold standard for laboratory
diagnosis of dengue viral infections, it
involves large labour and requires atleast 6-10
days for virus to replicate™ *. On the other
hand RT-PCR is expensive and require
sophisticated  infrastructure,  technically
skilled manpower which are not available in
most of the hospitals**. With increasing
incidence of dengue infections, the early
diagnostic confirmation is required for timely
intervention and disease control. Hence,
diagnosis of dengue disease during the acute
phase should be the priority and is a public
health concern. In a developing country like
India where resources are minimal a Rapid
immunochromatographic test method could
be useful as a point of care test to provide
early diagnosis for timely intervention®®.

In the study 7 cases (4%) out of 176 were
IgM positive by immunochromatographic test
(Table 1). By ELISA method a total of 37
(21%) out of 176 cases were positive for IgM.
Additionally 30 samples were detected as
IgM positive by ELISA method (Fig. 2). Here
we can see that these patients may have
presented in the later stage of the primary
infection by dengue virus. In addition, IgM
antibody response varies considerably among
individuals due to host humoral immune
response. By immunochromatographic test,
no samples was found to be positive by 1gG
(Fig. 3, Table) but by ELISA 7 (4%) were
detected as 1gG positive (Fig. 2, Table 1). So
we can see that these seven IgG positive
patients may have presented during their
secondary infection. A high level of IgG is an
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indicator of infection or it represents
endemicity’’. A high degree of cross
reactivity is mostly observed in flavi virus
infection because the flavi viruses share
common group epitopes particularly on the
envelope (E) protein®®. The dengue
serological tests become more difficult,
because dengue antibodies are cross reactive
with other flavi viruses such as West Nile
virus (WNV), Japanese encephalitis virus
(JEV) and Yellow fever virus (YFV).
Moorthy (2009) has evaluvated a rapid
immunochromatographic device for detection
of IgM and IgG antibodies to dengue viruses
done in tertiary care hospital.

Accuracy indices for IgM and IgG detection
respectively were positive predictive value of
61% and 72% and negative predictive value
of 89% and 83% respectively. it was
concluded that the device performs poorly in
the detection of IgM and IgG antibodies to
dengue virus and is not recommended for use
as a stand —alone diagnostic test™®.

In this study an attempt has been made to find
out the association of dengue serological
marker with thrombocytopenia. Platelet count
less than 100, 00/ml is taken as
thrombocytopenia. Out of the 176 cases 123
cases (70%) has shown thrombocytopenia.
The comparison of platelet counts with
dengue specific parameters is shown in table
2. Out of the 57 cases positive for NS1
antigen, thrombocytopenia was evident in 42
cases (74%). In contrast, when IgM and IgG
antibodies were compared only 20 (45%) out
of 44 cases had thrombocytopenia. Therefore
early viraemic phase coincides with high NS1
antigen levels in the blood which in turn is
related to thrombocytopenia®.

From figure 2 it could be shown that 57% of
the total sample was positive for one of the
dengue ELISA (NS1 antigen, IgM/IgG
antibody). Out of the 57%, 32% were positive
for NS1 ELISA, 21% for IgM ELISA and 4%
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for IgG ELISA.

Association  of  thrombocytopenia  with
NS1was found to be 74% while association of
thrombocytopenia with IgM and IgG was
found to be 50% (Table 2). The mechanism of
dengue related thrombocytopenia and
coagulopathy is quite complex. So viraemia
correlates  with  NS1  positivity and
thrombocytopenia. It would involve platelet
activation, pro-coagulant and anticoagulant
arms of the coagulation system, complement,
cytokines, and endothelial cells. Moreover
symptomatic thrombocytopenia would require
platelet transfusion though platelet counts
might not correlate well with clinical
bleeding®.

This study is conducted in a tertiary care
teaching hospital which lack a viral culture set
up. Therefore applying gold standard tests in
the studies related to viral infection is not
practical for diagnosis and treatment purpose.
The precise day of fever at the time of
conducting the test could not be obtained in a
large number of cases. NS1 antigen was
positive in 32% of cases by both tests. It
indicates that if the samples were taken on the
first day of fever more number of cases would
have been picked up by NS1 antigen®. It is
shown that the titres of NS1 represents the
viral load and the viral load is directly
proportional to the complications.
Conventional ELISA require at least 4 hours
whereas rapid immunochromatographic test
requires twenty minutes, which will be
helpful in initiating the treatment and
minimizing the complications and mortality
of dengue®. But the lack of conformity in the
evaluation of Dengue rapid diagnostic tests
(RDTs) remains a problem and a standardised

approach must be performed when
performing diagnostic assessment. Moreover
studies have demonstrated that Rapid

diagnostic test cannot reliably differentiate the
different dengue infection states (primary or
secondary dengue infection). The
manufacturers of the kit used in this study
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allows the use of serum, plasma or whole
blood for use in dengue rapid diagnostic
tests’. Unfortunately there is little evidence
that all sample types perform equally well.
The effect of anticoagulants and whole blood
on RDT performance and ease of reading also
require examination in a field setting™.

In conclusion, this study suggests that NS1
assays deserve inclusion in the diagnostic
evaluation of dengue patients, but with due
consideration for limitations in patients who
present late in their illness or have a
concomitant humoral immune response.
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