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Abstract

Currently, the methods for the diagnosis of dengue infections include: antibody detection, virus isolation
and antigen detection methods such as RT-PCR. To compare the usefulness of each of these methods
in the diagnosis of dengue infections at various time points of illness, 226 patients with suspected
dengue virus infections were enrolled and serum-tested by all the three methods during 1999 to 2001.

Serological methods were most useful in the diagnosis of dengue infections at all time points of
clinical disease and the percentage of detection of dengue virus-specific antibodies increased with the
duration of illness. However, virus isolation and molecular detection methods were also sensitive in the
detection of the dengue virus and its serotypes, especially during days 3 to 5 of illness. The dengue virus
was detected in 26 (18.2%) of our patients and DENV-2 was the predominant virus serotype that was
isolated. Virus isolation was not possible in patients with dengue-specific antibodies. In a majority of the
patients (64%), dengue-specific IgM was only seen in their serum indicative of a primary dengue
infection.

Although serological methods appear to be most useful in the diagnosis of dengue infections, virus
detection methods are vital in gathering epidemiological data regarding the evolution of dengue epidemics
in Sri Lanka.
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Introduction

Dengue is the most prevalent mosquito-borne
viral infection worldwide. Annually, a 100
million of dengue fever (DF) and half a million

of dengue haemorrhagic fever (DHF) cases
occur.[1] Sri Lanka has been affected by dengue
for over two decades now and dengue
epidemics are becoming more regular with the
number of cases rising with each epidemic.
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Dengue infections may be asymptomatic
or give rise to undifferentiated fever, dengue
fever, dengue haemorrhagic fever or dengue
shock syndrome (DSS). Although a diagnosis is
usually made based on clinical features,
laboratory diagnosis of dengue infections is
necessary as it may simulate many other viral
and bacterial infections.[2] Furthermore,
complications due to dengue infections such
as encephalopathy and myocarditis, etc., are
thought to be on the rise and laboratory
diagnosis in these instances is vital.[3]

Currently, the methods for the diagnosis
of dengue infections include: virus isolation,
serology and molecular techniques such as RT-
PCR. However, the diagnosis of dengue
infections using each of these methods
depends on the time of illness, their availability
and cost.[4] The usefulness of each of these
methods in the diagnosis of dengue infections
at various time points of illness is poorly
defined. Therefore, we set to compare the
sensitivity of each of these methods in the
diagnosis of dengue infections at various time
points of clinical disease.

Materials and methods

The study was carried out in a general medical
unit of a tertiary care hospital in Colombo from
September 1999 to August 2002. A total of
226 patients with suspected dengue infections
(fever without any other identifiable cause for
it) were recruited during the periods of dengue
outbreaks in Colombo district. 5 ml of venous
blood was obtained from each patient,
following informed written consent.
Demographic data was obtained using an
interviewer-administered questionnaire and
relevant clinical and laboratory data were
recorded. Ethical approval for the study was
obtained from the Ethical Review Committee
of the University of Sri Jayewardenepura.

Serology

Dengue viral-specific antibodies were
measured using the PANBIOTM Dengue duo
IgM and IgG rapid strip test.[5] This test is said
to have a high sensitivity (76% for primary
dengue infections and 88% for secondary
dengue infections) and specificity (88-99%) and
thus it can be used for the differentiation of
primary and secondary dengue viral infections.
The detection of dengue virus-specific IgG by
this assay indicates an IgG antibody titre
equivalent to an antibody titre of >2560 by
the haemaglutination inhibition (HI) test. The
presence of an antibody titre of >2560 by the
HI assay is thought to be suggestive of a
secondary dengue viral infection.[1] If dengue
virus-specific IgM antibodies were only
detectable in the test sample, the patient was
considered to be having a primary dengue
infection, whereas the presence of both IgM
and IgG or IgG alone was considered to indicate
a secondary dengue infection.

Virus isolation

100 µl of each serum sample was added to
a monolayer of C6/36 Aedes albopictus cell lines
maintained in RPMI 1640 (Gibco™) in 25 ml
tissue culture flasks and incubated for 14 days at
30 °C in 2.5% CO

2
. Dengue virus serotypes were

identified by indirect immunofluorescence
assay[6] by staining each cell line with each of
the flavivirus group reactive monoclonal
antibodies (MAb) 4G2, dengue complex reactive
MAb 2H2, dengue 1-specific MAb 15F3, dengue
2-specific MAb 3H5, dengue 3-specific MAb 5D4
and dengue 4-specific MAb 14H10 (kindly
supplied by Dr John Aaskov). One spot of cells
were not stained with any of the MAbs and was
used as the control. The cells were stained with
conjugated rabbit anti-mouse immunoglobulins
(FITC-Dako™) and observed under a fluorescent
microscope for the detection of the dengue virus.
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RT-PCR

RNA was extracted from serum using a
commercial kit according to the manufacturer’s
instructions (QIAamp Viral RNA Mini Kit,
QIAGEN™- Germany). One µl (1 unit) of
random primers (RocheTM) and 14 µl of DEPC-
treated water were added to 10 µl of RNA
and incubated at 72 °C for 10 minutes and then
on ice for 2-3 minutes. RNase inhibitor 0.8 µl,
DEPC water 8.2 µl was added to each tube
containing the RNA and random primer and
the tubes heated at 55 °C for 10 minutes,
followed at 45°C for 1 hour in an automated
thermal cycler (GeneAmp™ version II).

The PCR was performed with the
Universal primers and with specific primers.
PCR was carried out in a thermal cycler (Gene
Amp™ PCR System, 9200Ver 2.10, PE Applied
Bio System). DEPC-treated water and
supernatant from culture of uninfected C6/36
cells were used as negative controls in the RT-

PCR. PCR products were separated on 1% W/
V agarose TBE gels (Sigma™ Type II-A)[7] and
stained with 1% ethidium bromide (Sigma™).
Molecular weight markers (0.019-1.11kbp)
(Roche™ VIII) were included with each
analysis. The products were visualized under a
U.V. transilluminator (Fotodyne™).

Results

A total of 226 patients (98 females) with
clinical features suggestive of dengue
infections were included in the study. The
mean age of our cohort was 18.8 years (range
7 months to 70 years). Of these, 95 (42.03%)
blood samples were obtained from patients
with fever for 4 days or less, 71 (31.5%) on
day 5 of illness, and 60 (26.5%) samples
between day 6 and 8 of illness. Dengue
infections were confirmed in 143 (63%) of
the patients either by serology, virus isolation
or PCR (Table 1).

Duration of Total number Serology Virus isolation RT-PCR
fever/days tested No. positive (%) No. positive (%) No. positive (%)

1 1 1 (100) – –

2 9 6 (66.7) – –

3 33 9 (27.3) 9 (27.2) 9 (27.2)

4 52 24 (46) 7 (13.5) 7 (13.5)

5 71 42 (59) 8 (11.3) 8 (11.3)

6 38 23 (60.5) – 1 (2.6)

7 21 12 (57) 2 (9.5) 2 (9.5)

8 1 – – –

Total 226 117 (51.8) 26 (11.5) 27 (11.9)

Table 1: Comparison of serology, RT-PCR and virus isolation in the diagnosis of dengue viral
infection at different time points of illness
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Serological diagnosis of
dengue infections

Dengue viral infections were confirmed by
serology in 117 (81.8%) of our study patients.
40 (34%) of the patients had detectable
antibody responses on day 4 of illness and even
before this. Interestingly, 7 (5.9%) patients had
anti-dengue virus antibodies even on day 1 and
2 of their illness. However, dengue virus could
not be detected in these individuals by either
virus isolation or by RT-PCR. Although dengue
virus-specific antibodies could be detected in
patients before day 5 of illness, the detection
rates were higher after day 5 of illness (Table
2). 75 (64%) of the patients who were positive
by serology only had dengue virus-specific IgM
antibodies in their serum, thus indicating a
primary dengue virus infection (Table 2).
Surprisingly, 42 (55.2%) of those who had only
IgM antibodies were adults and 34 (44.7%)
were children.

Virological detection of
dengue by isolation in cell
culture and by RT-PCR

We could identify the virus in 26 (18.2%) of the
patients, either by RT-PCR or by virus isolation.
The virus was not isolated from any of the

samples which had dengue virus-specific
antibodies. Out of the 109 seronegative
samples, the dengue virus was detected in 26
(23.8%) cases by virus isolation and in 27
(24.7%) cases by RT-PCR. Virus isolation was
more successful in samples in obtained in the
early phase of clinical disease (< day 4 of illness)
(Table 3). Of the 26 viruses isolated, 15 were
DENV-2 and 11 DENV-3. The same dengue viral
serotype was identified with RT-PCR. In addition,
DENV-2 virus was detected in one sero-negative
sample by RT-PCR but not by virus isolation.

Discussion

We compared three different laboratory
methods used for the diagnosis of dengue
infections and found that the serological

Total number Both IgM and
Total detected IgM only IgG only IgG Positive

Number (%) Number (%) Number (%) Number (%)

Fever < 5 days 95 40 (42.1) 25 (62.5) 8 (8.4) 7 (7.3)

Fever for 5 days 71 42 (59) 24 (33.8) 13 (18.3) 5 (7.0)

Fever > 5 days 60 35 (58.3) 26 (43.3) 6 (0.1) 2 (3.3)

Total 226 117 (51.8) 75 (33.2) 27 (11.9) 14 (6.2)

Table 2: Dengue virus-specific antibodies in 117 serology-positive patients

Table 3: Virus isolation according to
 day of clinical illness

Total number Total number
of of viruses

seronegative isolated
samples Number (%)

Fever ≤ 4 days 56 16 (28.6)

Fever > 4 days 87 11 (12.6)

Total 109 26 (23.8)
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methods were most useful in the diagnosis of
dengue infections at all time points of clinical
disease. However, we were quite surprised
in detecting dengue virus-specific antibodies
in patients’ serum even on day 1 and day 2 of
illness. Our definition of day 1 was the day on
which symptoms first occurred and this may
be different to that of the onset of viraemia.
It is possible that in these few patients, a sub-
clinical viraemia may have occurred prior to
the onset of symptoms. However, it would
be interesting to investigate if those who
mounted a detectable antibody response on
day 1 or 2 (with clearance of viraemia) had
milder disease. Although dengue infections
were confirmed by the presence of dengue
virus-specific antibodies in some patients in
early disease, the percentage of detection of
dengue virus-specific antibodies increased
with the duration of illness. As we did not
repeat serology, virus isolation or RT-PCR, in
those who were ‘negative for dengue virus
infections’ (i.e. no detectable dengue-specific
antibodies, negative RT-PCR and virus
isolation), there is a possibility that at least
some of them might have had a dengue
infection. Therefore, it is possible that we may
have underestimated the number of patients
who actually did have a dengue infection.

The dengue virus was detected in 26
(18.2%) of our patients during day 3 to 5 of
illness. As expected, the virus could not be
detected by RT-PCR or by virus isolation in any
of the patients with dengue virus-specific
antibodies.[4] Although the usefulness of the
RT-PCR and virus isolation in the diagnosis of
dengue infections appears to be lower than
antibody detection methods, these methods
are vital in isolating the virus in other clinical
samples such as cerebrospinal fluid (CSF) and
also in epidemiological studies.

Of the 26 viruses isolated during our study
period, DENV-2 was the predominant virus

serotype. As we collected serum samples from
patients only during the epidemic periods, it is
likely that DENV-2 was the predominant
serotype and thus responsible for the epidemics
during the years 1999 to 2001. Epidemiological
studies done in Sri Lanka prior to 1989 and from
1989 to 1998 also suggest that DENV-2 was
the predominant serotype.[8] However, some
researchers have implicated that DENV-3
serotype is associated with more severe form
of the disease and thus hospitalization.[9,10]

Although, DENV-3 virus was the second
commonest serotype isolated by us, we could
not establish if it resulted in more severe disease
than patients infected with DENV-2.

In a majority of our patients (64%), dengue-
specific IgM was only seen in their serum
indicative of a primary dengue infection. In
secondary dengue infection, the IgG antibodies
for the previous infecting serotype rise
substantially while the IgM antibody titres are
usually low.[11,12] In primary dengue viral
infections, IgM antibodies develop rapidly and
are detectable on days 3 to 5 of illness in a
majority of patients.[13] Therefore, it is unlikely
that these patients had secondary dengue
infections considering the fact that IgM was
detectable while IgG was not. Interestingly,
55.2% of those who had only dengue-specific
IgM antibodies were adults, which suggested
that a significant proportion of our adult patients
had a primary dengue infection. Although one
would expect that a majority of adults in Sri
Lanka would have been exposed to the dengue
virus, a recent study has shown that anti-dengue
virus antibodies were only detected in 45.5%
of children at 17 years of age.[14] Furthermore,
another study done in adult patients in 2004
shows similar results, with a significant
proportion of adults with primary dengue
infections.[10]

In conclusion, serological methods appear
to be most useful in confirming a diagnosis of
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dengue infections. However, virus isolation and
molecular detection methods also appeared to
be sensitive in the detection of the virus and
its serotype, especially during days 3 to 5 of

illness. In addition, these virus detection
methods are vital in gathering epidemiological
data regarding the evolution of dengue
epidemics in Sri Lanka.
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