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A commercially available capture enzyme-linked immunosorbent assay (ELISA) for the detection of specific
immunoglobulin M (IgM) and IgG antibodies produced during dengue infection (PanBio Dengue Duo) was
evaluated with paired serum specimens from 176 patients. Diagnosis was based on a hemagglutination
inhibition (HAI) assay, with patients having either primary dengue (n 5 90), secondary dengue (n 5 58), or
no dengue (n 5 28) infection. The combined use of IgM and IgG (sensitivity, 99%; specificity, 96%) was superior
to the use of IgM alone (sensitivity, 88%; specificity, 96%) or IgG alone (sensitivity, 85%; specificity, 96%).
Furthermore, with the first serum sample of the pair of serum samples, the ELISA was able to diagnose
significantly more cases of dengue than the HAI assay (55% versus 14%). The results of the IgG capture ELISA
gave a significant correlation with those of the HAI assay (r 5 0.91; P < 0.0001), and the IgG capture ELISA
could be used to distinguish between primary and secondary infection. The best distinction was observed when
an IgG cutoff ratio of 3.0 was used, with 88% of primary infections and 98% of secondary infections being
correctly classified. This ELISA should prove to be useful in the clinical diagnosis of dengue infection.

Dengue is the most important mosquito-borne disease in the
world in terms of morbidity, mortality, and economic costs,
with an estimated 100 million cases per year (9). Serology is
useful in the diagnosis of dengue infections and in differenti-
ating between primary and secondary infections (3, 4, 7).

Patients with a primary infection produce an immunoglob-
ulin M (IgM) response to dengue virus 3 to 5 days after the
onset of fever, and the IgM titer continues to rise for 1 to 3
weeks and is detectable for up to 6 months. Anti-dengue virus
IgG antibodies are produced approximately 2 weeks after in-
fection and are maintained for life, although at a hemaggluti-
nation inhibition (HAI) assay titer of #1:640 (3, 5). In contrast,
during secondary infection IgM may take a long time to be
detected or may be undetectable, while the IgG titer rises
rapidly from 1 to 2 days after the onset of symptoms (3, 4). The
HAI assay titer rises to $1:2,560, and these levels persist for 30
to 40 days before returning to levels of #1:640 (3).

Traditionally, HAI assays have been used for the diagnosis
of dengue. The HAI assay requires paired serum specimens
collected at least 7 days apart and is considered positive if a
fourfold or greater increase in antibody titer is demonstrated
(2). Furthermore, a single serum sample demonstrating a titer
of $1:2,560 is diagnostic of a secondary dengue infection (11).

Doubts concerning the general applicability of the HAI as-
say have been raised due to variations in the potencies of the
hemagglutinins made in different laboratories. Commercially
available enzyme-linked immunosorbent assays (ELISAs) offer
improvements over the HAI assay for the serological diagnosis
of dengue infections. ELISAs reduce interlaboratory variation
in dengue serology through the use of a standard calibrator
serum sample. Unlike for HAI assays, pretreatment of sera
(i.e., acetone extraction) is not required, and a diagnosis can be
made from the results for a single serum sample. Differentia-

tion between primary and secondary infections may also be
made with a single dilution of serum rather than with a series
of dilutions. A commercially available capture ELISA for the
detection of IgM and IgG antibodies during dengue infection
has recently become available (PanBio Dengue Duo). In this
study, the Dengue Duo ELISA has been compared to the HAI
assay by using paired serum specimens from patients with or
without dengue infection.

MATERIALS AND METHODS

Serum samples. All serum samples used in this study were submitted for
routine pathological investigation at Singapore General Hospital. Paired serum
samples from 176 patients suspected of having dengue infection were assayed.
Diagnosis was based on the results of an HAI assay, with patients having primary
dengue (n 5 90), secondary dengue (n 5 58), or no dengue (n 5 28) infection.

HAI assay. Kaolin-absorbed sera were tested for antibodies by HAI assay as
described previously (2), except the assay was modified to a microtiter plate
format. Dengue virus types 1 and 2 were used. Antigens were produced by
sucrose-acetone extraction of the brains of suckling mice infected with the
following virus strains: dengue virus DEN-1 Hawaii and DEN-2 TR1751.

PanBio Dengue Duo ELISA. In the PanBio Dengue Duo IgM and IgG capture
ELISA, two microtiter plates are supplied; one contains stabilized dengue virus
type 1 to 4 antigens and the other contains either anti-human IgM or anti-human
IgG bound to separate microwells. Peroxidase-labelled anti-dengue virus-mono-
clonal antibody (125 ml/well) is added to the antigen plate to solubilize the
antigens and form antibody-antigen complexes. Concurrently, 100 ml of patient
serum, diluted 1:100 in the diluent provided, is added to each well of an assay
plate containing either bound anti-human IgM or anti-human IgG that captures
the IgM or the IgG in the patient’s serum, respectively. Both plates are incubated
for 1 h at room temperature (antigen plate) or 37°C (assay plate), after which
time the assay plate is washed, and 100 ml of the antibody-antigen complexes per
well is transferred from the antigen plate to the assay plate. These complexes are
then captured by dengue virus-specific IgM or IgG during an incubation for 1 h
at 37°C. The plate is then washed and the bound complexes are visualized
through the addition of 100 ml of a tetramethylbenzidine substrate per well. After
10 min, the reaction is stopped by the addition of 100 ml of 1 M phosphoric acid
per well, and the strips are read at 450 nm with a microtiter plate reader.
Positivity is determined by comparison to reference sera containing IgM and IgG
provided with the assay kit (cutoff calibrators). The cutoff for sera containing
IgM represents the level at which the transient IgM level rises above the back-
ground level for populations with active primary and secondary dengue infection,
while the cutoff for containing IgG sera represents a level of IgG above that
found in patients with primary dengue or past dengue infection. That is, the high
IgG response (HAI assay titer, $1:2,560) occurs during secondary infection but
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not primary infection and generally lasts for 30 to 40 days before declining to
levels below an HAI assay titer of 1:640 (3). Consequently, a positive sample was
defined as having an IgM or IgG sample:calibrator absorbance ratio of $1.0 and
a negative sample was defined as having both IgM and IgG sample:calibrator
absorbance ratios of ,1.0.

Data analysis. Clinical data were correlated with serum antibody levels. The
proportions of patients with levels above the designated cutoff for the ELISA
were determined. Fisher’s exact test was performed to compare sensitivities and
specificities. Spearman’s correlation analysis was performed to compare ELISA
ratios and HAI assay titers for individual sera. Analysis of variance (ANOVA)
and the Tukey-Kramer multiple comparison test were used to compare the mean
IgG ELISA ratios for different HAI assay titers. Statistical analyses were per-
formed by using Instat (Graphpad Software Inc., San Diego, Calif.).

RESULTS

IgM capture ELISA. By using paired serum specimens, pri-
mary dengue infection was detected in 84 of 90 (93%) patients
and secondary dengue infection was detected in 46 of 58 (79%)
patients by use of IgM alone (ratio, $1.0), whereas only 1 of 28
(4%) patients with no infection was found to have IgM anti-
bodies. Consequently, when IgM was used, 130 of 148 patients
were diagnosed as having dengue infection (sensitivity, 88%),
and the corresponding specificity was 96% (Table 1).

IgG capture ELISA. By using paired serum specimens, pri-
mary dengue infection was detected in 68 of 90 (76%) patients
and secondary dengue infection was detected in 58 of 58
(100%) patients by use of IgG alone (ratio, $1.0), whereas
only 1 of 28 (4%) patients with no infection was found to have
IgG antibodies. Consequently, when IgG was used, 126 of 148
patients were diagnosed as having dengue infection (sensitivi-
ty, 85%), and the corresponding specificity was 96% (Table 1).

Combined use of IgM and IgG ELISA. When either an IgM
ratio of $1.0 or an IgG ratio of $1.0 was used to define dengue
infection, sensitivity was improved significantly (by Fisher’s
exact test, P , 0.0001), while specificity was unchanged. Spec-
ificity with paired serum specimens was 96% (27 of 28), while
sensitivity was 99% for primary dengue infections (89 of 90),
100% for secondary dengue infections (58 of 58), and 99% for
all dengue infections (147 of 148) (Table 1). Of the 6 speci-
mens IgM negative for primary dengue infection, 5 were IgG
positive, while all 12 specimens IgM negative for secondary
dengue infection were IgG positive (Fig. 1).

Only two samples had discrepant results between ELISA
and the HAI assay. For one serum sample the IgM ELISA
ratio was just below the cutoff (ratio, 0.97), while a fourfold
increase in the HAI assay titer was demonstrated (titer range,
,10 to 40). For the other serum sample, a significant increase
in the IgM titer and a positive IgG titer were demonstrated by
ELISA, while the HAI assay showed only a twofold increase in
titer, even though it was high (titer range, 320 to 640).

Early diagnosis of dengue infection (use of S1 sera). Be-
cause the HAI assay requires the use of paired serum samples
for the diagnosis of primary dengue infection but not second-
ary dengue, for which the titer of the first (S1) serum specimen
is $1:2,560, the performance of the ELISA with the S1 serum
specimen was evaluated (Table 2). The IgM ELISA detected

53 of 148 (36%) cases of dengue with the S1 serum specimen,
while the IgG ELISA detected 47 of 148 (32%) cases of den-
gue. This was significantly more than the 21 of 148 (14%) cases
detected by the HAI assay (by Fisher’s exact test, P 5 0.0005).
When the combined use of IgM and IgG was used to detect
dengue infection, the sensitivity was increased to 82 of 148
(55%), which was significantly higher than that from the use of
IgM or IgG alone (by Fisher’s exact test, P , 0.0001) (Table 2).
Indeed, for 82 of 84 ELISA-positive serum specimens (98%),
dengue infection was subsequently detected through the use of
the HAI assay with the second (S2) serum specimen, indicating
that the ELISA has a high positive predictive value for dengue
infection.

Distinction between primary and secondary infection. The
IgG capture ELISA ratio showed an excellent correlation with
the HAI assay titer (Spearman’s r 5 0.91; P , 0.0001) (Fig. 2).
Furthermore, the mean ELISA ratio was significantly corre-
lated with increasing HAI assay titer (by ANOVA, P , 0.0001)
and there was a significant increase in the proportion of pa-
tients showing an elevated IgG ratio (ratio, $1.0) with increas-
ing HAI assay titer (by Fisher’s exact test, P , 0.0001) (Table
3). The best distinction between primary and secondary den-
gue was observed when an IgG cutoff of 3.0 was used, with 79

TABLE 1. Diagnosis of dengue with paired sera

Method Specificitya
No. of patients with the following diagnosis by HAI assay/total no. of patients (%):

Primary dengue Secondary dengue Total

IgM ratio of $1.0 27/28 (96) 84/90 (93) 46/58 (79) 130/148 (88)
IgG ratio of $1.0 27/28 (96) 68/90 (76) 58/58 (100) 126/148 (85)
IgM ratio of $1.0 or

IgG ratio of $1.0
27/28 (96) 89/90 (99) 58/58 (100) 147/148 (99)

a Data represent number of positive serum samples/total number of serum samples (percent).

FIG. 1. Comparison of IgM and IgG ELISA ratios for S2 sera from 176
patients. By using the HAI assay as the reference test, 90 patients were diagnosed
as having primary dengue (circles), 58 were diagnosed as having secondary
dengue (squares), and 28 had no evidence of dengue infection (triangles). ELISA
IgM ratios of 1.0 and an IgG ratio of 3.0 are delineated with broken lines.
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of 90 (88%) of primary infections and 57 of 58 (98%) of
secondary infections being correctly classified. By using this
cutoff value, there was a highly significant difference between
the number of patients with primary and secondary dengue
showing elevated IgG titers (by Fisher’s exact test, P , 0.0001).

Use of the IgG:IgM ratio to distinguish between primary and
secondary dengue infection was also investigated, because this
ratio has been reported to be useful (4). However, the IgG:IgM
ratio was not as useful as IgG alone (above), with 80 of 90
(88%) primary infections and 45 of 58 (83%) secondary infec-
tions being correctly classified. Indeed, the correct classifica-
tion of secondary dengue by use of the IgG:IgM ratio was
significantly lower than that by use of an IgG ratio of $3.0 (by
Fisher’s exact test, P 5 0.0083).

DISCUSSION

A rapid and accurate method for the detection of dengue
fever is important for both the clinician and the patient. The
commercially available ELISA described in this report (Pan-
Bio Dengue Duo) is suitable for the detection of anti-dengue
virus IgM and IgG antibodies in a routine clinical laboratory.
The utility of a capture IgM and capture IgG ELISA for the

diagnosis of dengue has been reported previously (4, 10). How-
ever, the PanBio Dengue Duo ELISA is different from the
previously described capture IgM and IgG ELISAs and many
other capture ELISAs because serum is incubated in the anti-
human antibody plate at the same time that peroxidase-conju-
gated monoclonal antibody is incubated with antigen. This
format decreases the number of assay steps and speeds up the
diagnosis of dengue (1). For the PanBio Dengue Duo ELISA,
the total assay time is less than 2.5 h.

By using the HAI assay as the reference test, the combined
use of IgM and IgG determinations (either IgM or IgG posi-
tivity was considered to indicate dengue infection) led to in-
creased sensitivity (99%) in the diagnosis of dengue infection
without a decrease in specificity (96%) when paired sera were
used. The use of IgM or IgG alone gave significantly lower
sensitivities (88 and 85%, respectively). Similar results showing
the improvement with the combination of IgM and IgG have
been reported previously (4, 10).

High levels of antibody cross-reactivity have been reported
for patients with dengue and Japanese encephalitis (JE) virus
infections (4, 8). Because the incidence of JE is relatively low
in Singapore, sera from patients with JE have not been tested,
although the specificity of the PanBio Dengue Duo ELISA for
the detection of dengue in these patients should be considered
in other countries where JE is more prevalent. The primary

TABLE 2. Diagnosis of dengue with sera obtained upon admission

Method Specificitya
No. of patients with the following diagnosis by HAI assay/total no. of patients (%):

Primary dengue Secondary dengue Total

IgM ratio of $1.0 28/28 (100) 33/90 (37) 20/58 (34) 53/148 (36)
IgG ratio of $1.0 27/28 (96) 7/90 (8) 40/58 (69) 47/148 (32)
IgM ratio of $1.0

or IgG ratio of
$1.0

27/28 (96) 39/90 (43) 43/58 (74) 82/148 (55)

HAI assay titer of
$2,560 (S1)

28/28 (100) 0/90 (0) 21/58 (36) 21/148 (14)

a Data represent number of positive serum samples/total number of serum samples (percent).

FIG. 2. Comparison of IgG ELISA ratio and HAI assay titer for 352 serum
specimens (176 paired serum specimens). The broken lines represent an HAI
assay titer of 2,560 and an ELISA ratio of 1.0. The mean ELISA ratio for each
HAI assay titer is represented by a horizontal bar.

TABLE 3. Comparison of the Singapore General Hospital HAI
assay and PanBio Dengue Duo IgG capture ELISA

HAI
assay
titer

No. of serum
specimens

Mean ELISA
ratioa

% Serum specimens
with the following resultb

ELISA
ratio of

.1.0

ELISA
ratio of

.2.0

ELISA
ratio of

.3.0

$10 127 0.17 4 0 0
20 26 0.68 27 0 0
40 37 1.02 49 3 3
80 37 1.27 76 8 3

160 14 1.64 79 36 0
320 9 3.38 100 67 33
640 10 4.11 100 80 70

1280 13 4.35 100 92 85
2560 29 5.18 100 100 97
5120 34 5.68 100 100 100

$10240 16 6.40 100 100 100

a By one-way ANOVA, P , 0.0001 (extremely significant variation between
column means). By Tukey-Kramer multiple comparisons test, P , 0.0001 (sig-
nificant difference between all means).

b By chi-square test for trend, P , 0.0001 (significant linear trend between
HAI assay titer and the proportion of serum specimens with elevated ELISA
ratios); by chi-square test for independence, P , 0.0001 (HAI assay titer and
proportion of sera with elevated ELISA ratios are significantly associated).
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cross-reactivity between dengue and JE virus has been re-
ported to occur at the IgG level (8). Consequently, JE virus
cross-reactivity in the dengue ELISA should be a concern only
for the minority of patients who are IgG positive and IgM
negative. In this study, only 12% of patients had this antibody
profile.

The ELISA was able to detect 55% of the dengue infections
through the use of the first serum sample alone, whereas by the
HAI assay dengue could be detected in only 14% of the pa-
tients. Consequently, a second serum sample would be needed
to be assayed by the ELISA for only 45% of the patients.
Previous studies have also suggested that diagnosis based on
the IgM titer may take 6 to 7 days after the onset of infection
(3, 4, 6, 10). It is important that only 1 of 148 patients with
dengue infection was not identified when a second serum sam-
ple was tested by the ELISA, and this patient (primary dengue)
had an IgM value just below the cutoff value (0.97) as well as
a very low HAI assay titer (1:40).

Because secondary dengue may be a more serious form of
the disease, the use of the ELISA to distinguish it from primary
dengue was also investigated. Traditionally, the HAI assay has
been used to distinguish between primary and secondary den-
gue infections, with a titer greater than or equal to 1:2,560
considered indicative of secondary dengue (11). The results of
the IgG capture ELISA used in this study showed an excellent
correlation with those of the HAI assay (r 5 0.91). Conse-
quently, this ELISA could be used to distinguish between the
different states of the disease. When an IgG ELISA ratio of 3.0
was used as the cutoff, 88% of the primary infections and 98%
of the secondary infections were correctly classified, and this
method was superior to the use of IgG:IgM ratio reported
previously (4).

The commercially available assay evaluated in this study
should be a useful aid in the diagnosis of dengue infection
because it shows excellent sensitivity and specificity and over-
comes many of the problems associated with the HAI assay.
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