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Detection of dengue virus in Eastern India
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Background: Dengue fever is a mosquito-borne tropical disease caused by the dengue virus.
Symptoms typically begin three to fourteen days after infection. The virus has four serotypes;
infection with one type usually gives lifelong immunity to that type, but only short-term immunity to
the others. Subsequent infection with different dengue virus increases the risk of severe
complications. Methods: There are three methods followed in particular to detect the dengue virus:
(A) Dengue NS1 AG Microlisa is designed for in-vitro qualitative detection of Dengue NS1 antigen in
human serum or plasma and is used as a screening test for testing of collected blood samples
suspected for DENGUE. This method detects all four subtypes; DEN1, DEN2, DEN3 & DEN4 of
Dengue Virus. Results: Among 1860 dengue samples, 420 samples were found to be NS1Ag
positive 160 samples were found to be IgM positive and 24 samples were found to be IgG positive.
Rest Samples negative for all three parameters. Conclusion: Dengue is a mosquito borne viral
infection causing a severe flu like illness and sometimes causing a potentially lethal complication
called severe dengue. The incidence of dengue has increased 30 fold over the last 50 years. Up to
50-100 million infections are now estimated to occur annually in over 100 endemic countries,
putting almost half of the world’s population at risk. If sever dengue fever can damage the lungs,
liver or heart or multiorgan failure.

Keywords: Dengue virus, NS1 Antigen, IgM antibody, IgG antibody, Dengue hemorrhagic fever,
Dengue shock syndrome, ELISA
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The United States. WHO estimates that 50-80

Introduction e .
million cases of dengue fever occur worldwide

The mosquito-borne dengue viruses (serotype each year, including a potentially deadly form

1-4) cause dengue fever, a severe flu-like of the disease called dengue hemorrhagic

illness. The disease is prevalent in the third fever (DHF) and dengue shock syndrome

world tropical regions and spreading to (DSS) [1].

subtropical developed countries — including
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Primary infection with dengue virus results in a self-
limiting disease characterized by mild to high fever
lasting 3 to 7 days, severe headache with pain
behind the eyes, muscle and joint pain, rash and
vomiting. Secondary infection is the most common
form of disease in many parts of the Southeast Asia
and South America [2].

This form of the disease is more serious and can
result in DHF and DSS. The major clinical symptoms
can include high fever, hemorrhagic events, and
circulatory failure, and the fatality rate can be as
high as 40%. Early diagnosis of DSS is particularly
important, as patients may die within 12 to 24
hours if appropriate treatment is not administered.

Primary dengue virus infection is characterized by
elevations in specific IgM antibody levels 3 to 5 days
or specific NS1 antigen levels 0 to 9 days after the
onset of symptoms; this generally persists for 30 to
60 days or 15 days. IgG levels also become
elevated after 10 to 14 days and remain detectable
for life. During secondary infection, while IgG levels
rise rapidly from 1 to 2 days after the onset of
symptoms.

Dengue virus (DENV) is the cause of dengue fever.
It is a mosquito-borne single positive-stranded RNA
virus of the family Flaviviridae genus Flavivirus.
Four serotypes of the virus have been found, all of
which can cause the full spectrum of disease.
Nevertheless, scientists understanding of dengue
virus may be simplistic, as rather than distinct
antigenic groups there appears to be a continuum

[3].

This same study identified 47 strains of dengue
virus. The dengue virus has increased dramatically
within the last 20 years, becoming one of the worst
mosquito-borne human pathogens tropical countries
have to deal with [4]. Since no other animals have
contracted the disease, research into this disease is
limited.

There are four antigenically different serotypes of
the virus (although there is report of 2013 that
a fifth serotype has been found):

= DENV-1

= DENV-2
= DENV-3
= DENV-4

Here, a serotype is a group of viruses classified
together based on their antigens on the surface of
the virus. These four subtypes are different strains

Of dengue virus that have 60-80% homology
between each other. The major difference for
humans lies in subtle differences in the surface
proteins of the different dengue subtypes[5]. The
first infection causes mostly minor disease, but
secondary infections has been reported to cause
severe diseases (DHF or DSS) in both children and
adults. This phenomenon is called Antibody-
Dependent Enhancement [6].

Fig-1: Microscopic view of the Dengue virus
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Fig-2: Classification of the Dengue virus
disease.

DSS - Dengue Shock Syndrome

DHF- Dengue Hemorrhagic Fever Dengue has now
become hyperendemic in India with co-circulation of
all the four serotypes. Herein, the present study
reported an unprecedented outbreak which occurred
during August to October 2011 in Odisha, eastern
India [7]. This is the first report of a large epidemic
in Odisha. Detailed serological and molecular
investigation was carried out to identify the
aetiology. Almost half of the samples were found to
be dengue antigen (NS1) positive. Further molecular
assays revealed circulation of mixed dengue
serotypes (DENV-2 and DENV-3) [8].
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The actual numbers of dengue cases are
underreported, and many cases are misclassified
[9]. One recent (2013) estimate indicates that 390
million dengue infections occur every year (95%
credible interval 284-528 million), of which 96
million (67-136 million) manifest clinically (with any
severity of disease) [10].

Another (2012) study, of the prevalence of dengue,
estimates that 3.9 billion people in 128 countries
are at risk of infection with dengue viruses [11].

Materials and Methods

Study type: Prospective July-December 2019.

Sample selection: The selection of samples for
present study was carried out. The sample was
selected through indoor and OPD (according to
doctors prescribe.)

Sample collection and handling:
= Human serum or plasma sample should be used
for the test.

= Sample collection was carried out in accordance
with relevant guidelines and regulation. About
3.5m1 of blood was drawn from patients by vein
puncture.

= Specimen should be free of microbial
contamination and should be maintained at 2-
8°C for 1-2 days while handling or frozen at
-20° C or lower for long time.

Specimen processing: Most frozen samples will
perform well when thawing is allowed in a vertical
position in the rack. Do not shake the sample. This
allows particles to settle to the bottom. If a
centrifuge is available, the sample should be
centrifuged (5000rpm for 5 minutes.)

Transportation: If the specimen is to be
transported, it should be packed in compliance with
the current government regulations regarding
transport of aetiologic agents.

Note: Sample labeling is very important because
there may occur a system error.

Qualitative Detection of Dengue Virus (DENV)
Method I

Dengue IgM/IgG Microlisa test-The mosquito-
borne dengue viruses (serotype 1-4) cause dengue
fever, a saver flu-like illness. The disease is
prevalent in third world tropical regions and

Spreading to subtropical developed countries
including the United States.

Primary dengue virus infection is characterized by
elevations in specific 1gM antibody levels 3-5 days
after the onset of symptoms; this generally persists
for 30-60 days. IgG levels also become elevated
after 10-14 days and remain detectable for life.

During secondary infection 1gM levels generally rise
more slowly and reach lower level than in primary
infection while IgG levels rise rapidly from 1-2 days
after the onset of symptoms.

Principle

Dengue IgM / IgG Microlisa test is an enzyme
immunoassay based on "MAC capture ELISA".

Anti-human IgM antibodies are coated on to
microtitre wells Specimens and controls are added
to the microtitre wells and incubated.

Antibody to dengue if present in the specimen; will
bind to the anti-human 1gM antibodies absorbed on
the surface of the wells. The plate is then washed to
remove unbound materials.

HRPO (Horses-radish  peroxidase) conjugated
Dengue antigen (DEN 1-4) is added to each well.
This dengue antigen conjugate will bind to Dengue
specific IgM Antibodies which is complex with anti-
human IgM Antibodies.

Finally substrate solution containing chromogen and
H202 is added to the well and incubated.

A blue color will develop in proportion to the amount
of Dengue Antibodies present in the specimen. The
color reaction is stopped by the stop solution.

The enzyme-substrate reaction is read by EIA
reader for absorbance at a wavelength of 450nm
(also 360nm.) If sample does not contain 1gM
antibodies then enzyme-conjugate will not bind and
the solution in the well will be either colorless or
only a faint background color develops.

Results

The kit has been evaluated with known panel of
Dengue 1gM Positive and Negative samples. The
samples included cross-reacting samples; Esptein-
Barr Virus, Leptospira, Malaria, Hepatitis A,
Influenza A and B, Salmonella typhi.

Following are the in-house evaluation:
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No. of Sample Dengue IgM Microlisa Value Status
samples 0.D. (units)
o 0.1691 6.0 Dengue
Negative
2. 1.0899 38.9 Dengue
Positive
3. 0.4910 17.5 Dengue
Positive
4. 0.0018 0.06 Dengue
Negative
B 1.2705 45.4 Dengue
Positive
6. 0.0062 0.22 Dengue
Negative
7. 1.0519 37.6 Dengue
Positive
8. 0.0563 2.0 Dengue
Negative
9. 0.0014 0.05 Dengue
Negative
10. 0.6371 22.7 Dengue
Positive

Sensitivity: 50%
Specificity: 50%

Precision: Within-run and between-run precisions
have been determined by testing 10 replicates of
five samples:

1 negative and 4 dengue 1gM positive; 2 weak
positive, 1 medium positive and 1 strong positive.
The C.V (%) of negative, weak positive, medium
positive and strong positive values were within
10%.

A. Calculation of Dengue 1gM units: Calculate by
multiplying the sample O.D ratio by 10.

B. Considering one O.D value from the observation
table as 1.0899

Cut off Value = 0.28

Sample O.D ratio 0.D/ Cut off Value = 1.0899 /0.28
= 3.8925

Dengue 1gM units = Sample O.D ratio *10 =
3.8925 * 10 = 38.92

Therefore, 38.92 units will portray as Dengue
Positive.

Interpretation of Results

= If the Dengue IgM Units is < 9 then interpret
the sample as Negative for Dengue 1gM
antibodies.

= If the Dengue IgM Units is between 9-11 then
interpret the sample as Equivocal for Dengue
IgM antibodies.

= If the Dengue IgM Units is between > 11 then
interpret the sample as Positive for Dengue IgM
antibodies.

Test Validity
= NC O.D. must be < 0.3. If it is not so, the run is
invalid and must be repeated.

= PC O.D. must be > 1 0. If it is not so, the run is
invalid and must be repeated.

= Mean calibrator O.D must be > / 0.35. If it is
not so, the run is invalid and must be repeated.

= Cut off value must be >/ 1.5 x NC O.D. If it is
not so, the run is invalid and must be repeated.

= Ratio of PC O.D. / cut off must be > 1.1. If it is
not so, the run is invalid and must be repeated.

Limitations of the Test
= The test should be used for detection of 1gM
antibodies of Dengue in human serum.

= This is the only screening test and will only
indicate the presence or absence of Dengue
antibodies in the specimen. All reactive samples
should be confirmed by confirmatory test.
Therefore for a definitive diagnosis, the patients
clinical history, symptomatology as well as
serological data should be considered. The
results should be reported only after complying
with the above procedure.

False positive results can be obtained due to cross
reaction with Epstein-Barr virus, Leptospira, Malaria,
Hepatitis A, Influenza A & B, Salmonella typhi,
Japanese encephalitis, West Nile virus disease. This
occurs in less than 1% of the sample tested.

Discussion

Dengue is a mosquito-borne viral infection causing a
severe flu-like illness and, sometimes causing a
potentially lethal complication called severe dengue.
The incidence of dengue has increased 30-fold over
the last 50 years. Up to 50-100 million infections
are now estimated to occur annually in over 100
endemic countries, putting almost half of the world’s
population at risk [12].

If severe, dengue fever can damage the lungs, liver
or heart, blood pressure can drop to dangerous
levels, causing shock and, in some cases, death
with multi organ failure.
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Approximately 2.5 billion people live in dengue-risk
regions with about 100 million new cases each year
worldwide [13]. The cumulative dengue diseases
burden has attained an unprecedented proportion in
recent times with sharp increase in the size of
human population at risk. Dengue disease presents
highly complex pathophysiological, economic and
ecologic problems.

In India, the first epidemic of clinical dengue-like
illness was recorded in Madras (now Chennai) in
1780 and the first virologically proved epidemic of
dengue fever (DF) occurred in Calcutta (now
Kolkata) and Eastern Coast of India in 1963-1964
[14]. Its viral cause and spread were understood by
the early 20th century. Apart from eliminating the
mosquitoes, work is ongoing for medication
targeted directly at the virus. It is classified as a
neglected tropical disease.

One dengue fever vaccine, Dengvaxia, is currently
approved for use in those ages 9 to 45 years old
who live in areas with a high incidence of dengue
fever [15]. The vaccine is given in three doses over
the course of 12 months.

The World Health Organization stresses that the
vaccine is not an effective tool, on its own, to
reduce dengue fever in areas where the illness is
common [16]. Controlling the mosquito population
and human exposure is still the most critical part of
prevention efforts.

Methods such as one step, real time RT-PCR or
nested RT-PCR are now widely used to detect
dengue viral gene in acute —phase serum samples.
Acute infections can also be laboratory confirmed by
sero-conversion from negative to positive IgM
antibody to dengue or demonstration of a fourfold
or greater increase in IgG antibody titers in paired
serum specimen [17].

Patients who have IgM antibodies to dengue

detection in their serum specimen via IgM antibody

capture enzyme-linked immunosorbent assay (MAC-

ELISA).

01. A negative RT-PCR in the acute phase specimen
or

02. Did not submit an acute phase specimen, are
classified having a recent probable dengue
infection. This is due to the fact that 1gM
antibodies for dengue may remain elevated for
2 to 3 months after the illness. The elevated
1gM observed in a sample could be the result of
an infection that occurred 2 to 3 months ago.

Often times both an acute and convalescent phase
specimen are needed to make a diagnosis of dengue
infection.

While current research and policy interventions
often treat dengue expansion as a phenomenon
associated with urban human settlement, the
incidence of the disease in rural areas is also on the
rise.

Beeds et al concluded from their Southeast
Australian study that an increased risk of A. aegypti
range expansion in Australia was due to the human
adaption of installing large domestics water storing
containers as a response to persisting regional
drying, rather than due to climate change itself
Furthermore, dengue and yellow fever caused
multiple epidemics in the southern parts of the USA
in the 18th, 19th, and early 20th centuries [18].

Taking into account many of the factors described
earlier and based on observations made during the
1981 Cuban epidemic of DF/DHF [19].

Kouri and coworkers presented an integral
hypothesis in which the association of different
factors, such as immunological status, genetic
background, host condition, viral strain, and
epidemiological and ecological conditions,
determines whether or not and to what extent, DHF
will be involved in any particular epidemic [20].

Conclusion

Serological methods such as enzyme linked
immune-sorbent assay [ELISA] confirms the
presence of a recent or past infection with the
detection of IgM and IgG antidengue antibodies.

What this study adds to
existing knowledge?

Since dengue can be mistaken for the diseases
yellow fever, measles and influenza. ELISA is best
way to confirm diagnosis of dengue by detecting the
antibody response and testing for the direct
evidence of the virus.
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