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An immunochromatographic test that incorporates recombinant antigens (Dengue Duo Rapid Strip Test;
PanBio, Brisbane, Australia) has recently become commercially available. This assay is performed in 15 min
and detects both immunoglobulin M (IgM) and IgG in a capture format. The four recombinant proteins used
represent the N-terminal 80% of the viral envelope glycoproteins of dengue viruses 1, 2, 3, and 4, respectively.
The sensitivity and specificity of the recombinant-antigen-based assay were 90 and 86%, respectively. The
similar diagnostic performance of these antigens to that of enzyme-linked immunosorbent assays using whole
dengue virus suggests that they mimic whole dengue viruses in primary structure and epitope conformation.
These results suggest that recombinant proteins can be used in diagnostic assays for dengue to overcome safety
issues associated with the use of whole virus.

Dengue is one of the most important human arboviral in-
fections in terms of morbidity and mortality (14). Effective and
rapid diagnosis can contribute to the control of dengue and
dengue hemorrhagic fever (DHF) through more accurate pub-
lic health notification. Rapid laboratory diagnosis can confirm
clinical suspicion of dengue to guide further treatment and
prognosis. These outcomes help to mitigate the health care
costs and allow early public health intervention to prevent the
spread of dengue virus infection.

Numerous commercial assays are available for the diagnosis
of dengue virus infection utilizing several different formats.
The most common format is the enzyme-linked immunosor-
bent assay (ELISA), which offers a relatively quick and easy
method for diagnosing dengue. Some of these assays have the
additional ability to differentiate between primary and second-
ary infections (22, 27, 31, 38). Other formats available include
the dot blot (4), the dipstick (41), and the immune fluorescent
antibody assay (Progen Biotechnika GmbH, Heidelberg, Ger-
many). Recently, lateral flow tests for the diagnosis of dengue
have also become available. These offer the advantage of speed
and have the potential to be used in field settings (21, 22, 32,
37, 41).

Reported methods for diagnosis of dengue virus infection
commonly use whole virus (3, 26) or crude extracts (1, 19, 35)
for the target antigen. The use of such materials presents a
potential health hazard through exposure to infectious virus
particles. In addition, production costs associated with the cul-

tivation of virus for live or inactivated viral antigen are gener-
ally high. As a result, utilization of recombinant proteins,
which can be produced more cheaply and present little or no
health hazard, are an attractive alternative. This paper will
discuss a new immunochromatographic test (PanBio Dengue
Duo Rapid Strip Test; catalog no. DEN-25S) that utilizes re-
combinant dengue envelope proteins for the laboratory diag-
nosis and differentiation of primary and secondary dengue
virus infections.

The PanBio rapid test relies on both dengue immunoglob-
ulin M (IgM) and IgG detection to diagnose active dengue
virus infection. The IgG test line is set to detect the high levels
of IgG characteristic of secondary virus infection and hence is
able to distinguish secondary from primary dengue and past
infections. The IgM test line is set to detect IgM levels char-
acteristically present in primary dengue virus infections and in
the majority of secondary dengue virus infections. In this study,
the performance of the PanBio rapid test was compared to that
of the U.S. Armed Forces Research Institute of Medical Sci-
ences (AFRIMS; Bangkok, Thailand) reference ELISA using
sera taken from patients with primary and secondary dengue
virus infections, Japanese encephalitis (JE) virus infection, and
nonflavivirus infections.

MATERIALS AND METHODS

Case definitions for dengue. In children experiencing a febrile illness consis-
tent with dengue fever or DHF, dengue virus infections were defined as the
isolation or identification of a dengue virus, the detection of IgM to dengue virus,
or a sustained elevation (�1:2,560) or a fourfold rise in dengue virus antibody
between acute- and convalescent-phase sera as detected by hemagglutination
inhibition (HAI) antibody titer. Dengue virus infection was categorized as pri-
mary or secondary according to the World Health Organization criteria (a titer
of �1:2,560 in a single serum was taken as secondary dengue) (40) and the
standard operating procedure for the reference ELISA (1).

Serological definitions. The following serological definitions were used for the
diagnosis of dengue virus infection across all age groups represented in this
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study. All acute- and convalescent-phase specimens were defined as sera col-
lected over time and separated by more than 3 days.

(i) No evidence of recent dengue virus infection. No evidence of recent dengue
virus infection was defined as no detectable dengue virus antibody in acute- and
convalescent-phase sera collected 5 to 7 days apart by ELISA or HAI assay or as
stable antibody titers by HAI assay with titers of less than 1:2,560 to all dengue
virus antigens without a fourfold rise.

(ii) Recent dengue virus infection. Recent dengue virus infection was defined
as antibody against dengue virus antigens detected by HAI titers greater than or
equal to 1:2,560 in at least one specimen without a fourfold rise between acute-
and convalescent-phase specimens.

(iii) Acute dengue virus infection. Acute dengue virus infection was defined as
the isolation of dengue virus or identification of a dengue virus genome by
reverse transcription-PCR from serum or plasma during an acute febrile illness
consistent with dengue fever or DHF and a dengue virus-specific IgM level of 40
U or more by IgM capture ELISA or a fourfold rise in HAI antibody against any
dengue virus serotype between the acute- and convalescent-phase specimens.

(iv) Acute primary or secondary dengue. Primary dengue virus infection was
defined as an acute dengue virus infection with an IgM-to-IgG ratio of 1.8 or
greater by IgM capture ELISA in acute- or convalescent-phase specimens taken
at least 7 days apart. A ratio of less than 1.8 was defined as an acute secondary
dengue virus infection. Primary dengue by HAI assay was defined as an acute
dengue virus infection with a fourfold or greater change in HAI titer to one or
more dengue serotypes in acute- and convalescent-phase specimens (taken at
least 7 days apart) with no titer greater than 1:1,280. Acute secondary dengue
virus infection was defined as a fourfold or greater change in HAI titer to two or
more dengue serotypes in acute- and convalescent-phase specimens with titers
greater than 1:2,560.

(v) Acute JE virus infection. Acute JE virus infection was defined by using an
ELISA specific for JE IgM as described previously (2). A binding index is
calculated as follows: (optical density [OD] of the test sample � OD of the
negative control)/(OD of the weak positive control � OD of the negative con-
trol). The binding index multiplied by 100 is equal to the number of units, where
units of �40 are considered a positive test result. A ratio of anti-dengue IgM to
anti-JE IgM of �1.0 is typical of acute dengue, whereas a ratio of �1.0 is
consistent with acute JE virus infection.

Serum samples. In this study, the PanBio rapid test was evaluated using sera
collected in Thailand from patients with and without dengue virus infections. The
samples were characterized by AFRIMS using their in-house dengue IgM and
IgG ELISA and HAI assays. Sera from patients with suspected dengue virus
infections were collected at the time of admission to and discharge from the
Queen Sirikit National Institute of Child Health (Bangkok Children’s Hospital,
Bangkok, Thailand) during 1999 and frozen at �70°C prior to being assayed.

Paired sera from 16 patients with secondary dengue and 20 patients with
primary dengue virus infections were tested. Multiple samples were tested from
one patient with a secondary infection (n � 4) and from two patients with a
primary infection (n � 3). Paired sera from 17 patients with suspected dengue
but no laboratory evidence of dengue virus infection (NEI) were also tested. A
panel of sera from patients with nonflavivirus infections was also included,
representing indirect immunoperoxidase-positive cases of rickettsial scrub typhus
(paired sera; n � 20), microscopic agglutination test-positive cases of leptospi-
rosis (paired sera; n � 20), and blood smear-positive cases of malaria (n � 15).
Sera (n � 9) and cerebrospinal fluid (n � 9) from patients with laboratory-
confirmed JE virus infections were also tested to determine cross-reactivity
between these two flaviviruses.

Recombinant proteins. Recombinant dengue proteins were incorporated into
the rapid test, and its performance was determined through clinical evaluation.
The recombinant proteins represent the N-terminal 80% of the viral envelope
glycoproteins of dengue viruses 1, 2, 3, and 4. The following strains of dengue
virus were the sources of the recombinant proteins: dengue virus 1, 258848;
dengue virus 2, PR159/S1; dengue virus 3, CH53489; and dengue virus 4, H241.
The recombinant 80% E proteins were expressed in Drosophila melanogaster
strain Schneider 2 (S2) cells (33). Transfection with the appropriate expression
vectors resulted in stable transfectants and the expression and secretion of the
80% E subunits into the culture medium. The recombinant subunits were puri-
fied by immunoaffinity chromatography using the monoclonal antibody 4G2 (17).
Based on gel electrophoresis, the proteins were greater than 80% pure, had a
molecular mass of approximately 43 kDa, and appeared to have no significant
differences from whole dengue viruses in primary structure. The ability of the
conformationally sensitive monoclonal antibodies, 4G2 and 9D12 (12), to bind to
the recombinant 80% E proteins in both immunofluorescence assays and ELISA
is an indication that the proteins are folded correctly and hence should mimic
whole dengue virus.

PanBio Dengue Duo Rapid Strip Test. The PanBio strip test (catalog code
DEN-25S) was performed according to the manufacturer’s instructions. Three
drops of the buffer was added to a glass tube. Using the loop provided, 1 �l of
serum was added to the tube and gently mixed. A single test strip was then added
to the tube, and the results were read after 15 min. Any trace of a pink or purple
line in the test area was indicative of a positive result. A primary infection was
characterized by a positive IgM and a negative IgG test line. A secondary
infection was characterized as a positive IgG test line with or without a positive
IgM test line. No visible lines in the test area represented a negative result. This
test result could indicate no recent dengue virus infection or that a later conva-
lescent specimen should be tested. A control line was also included to ensure the
correct running and validation of the assay (refer to Fig. 1 for interpretation).

HAI assay. Acetone-extracted sera were tested for HAI antibodies as de-
scribed previously, with the assay modified to a microtiter plate format (6).
Dengue virus types 1 to 4 and JE virus (8 U each) were used. Antigens were
produced by sucrose acetone extraction of the brains of suckling mice infected
with the following prototype mouse-adapted virus strains: dengue virus 1 Hawaii,
dengue virus 2 New Guinea C, dengue virus 3 H-87, dengue virus 4 H-241, and
JE virus Nakayama. A fourfold increase was considered positive for acute flavi-
virus infection. The infection was diagnosed as primary if titers were less than
1:2,560 a week or more after the onset of illness or as secondary infection if
antibody titers were greater than or equal to 1:2,560.

AFRIMS ELISA. The in-house IgM and IgG capture ELISAs were performed
as described previously (1). For single specimens, 40 U of IgM to dengue virus
(with the amount of dengue IgM greater than that of JE IgM) was considered
evidence of an acute dengue virus infection (or for paired samples, a rise from
less than 15 U to more than 30 U). A dengue IgM/IgG ratio equal to or greater
than 1.8:1 defined a primary dengue virus infection. A ratio less than 1.8:1
defined a secondary dengue virus infection. Using serial specimens, a twofold
increase in IgG to dengue with an absolute value of 100 U or greater indicated
a secondary flavivirus infection in the absence of 40 U or more of IgM to dengue.

Data analysis. Fisher’s exact test was performed to compare sensitivity and
specificity. Spearman’s correlation analysis was performed to compare ELISA
ratios in individual sera. Analysis of variation was performed to compare the
average ELISA ratios with the rapid test scores. Statistics were performed using
Instat (Graphpad Software Inc., San Diego, Calif.).

RESULTS

The sensitivities obtained with the PanBio rapid test and the
AFRIMS ELISA are summarized in Table 1. Of the 46 pri-
mary cases, 42 (91%) were detected via a positive IgM test line
in the rapid test compared to 43 (93%) in the IgM ELISA.
Thirty-one (86%) of the 36 secondary dengue cases were de-
tected using the IgG rapid test line compared to 25 (69%) in
the IgG ELISA. Of the secondary sera, 53% (19 of 36) were
IgM positive in the rapid test compared to 50% (18 of 36) in
the AFRIMS IgM ELISA. The overall sensitivity for dengue
virus infections in the rapid test was not significantly different

FIG. 1. Interpretation of the Dengue Duo Rapid Strip Test.
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from that achieved using the ELISA (90 versus 87%, respec-
tively; P � 0.4022).

Paired serum analysis revealed that the rapid test detected
18 of 20 (90%) primary and 14 of 16 (88%) secondary infec-
tions using the acute sample (S1 [Table 2]), with the ELISA
detecting 19 of 20 (95%) primary and 8 of 16 (50%) secondary
infections. Analysis of the discharge (S2) sera revealed that the
rapid test detected 20 of 20 primary infections and 15 of 16
(94%) secondary infections (Table 2), while the ELISA also
detected all primary infections and 14 of 16 (88%) secondary
infections. Of the two triplicate samples taken from patients
with primary dengue virus infection, one showed seroconver-
sion with the second and third samples, while the other patient
had detectable levels of IgM in all three samples. All four
samples taken from the one patient with secondary dengue
virus infection produced positive IgG results in the rapid test.
Consequently, the rapid test detected 38 of 40 (95%) primary
infections and 29 of 32 (91%) secondary infections compared
to the ELISA, which detected 39 of 40 (98%) primary infec-
tions and 18 of 32 (56%) secondary infections.

The overall specificity of the rapid test (Table 3) in nonfla-
vivirus infections was 85% (76 of 89), with false-positive results
occurring with sera from patients with NEI (n � 5), malaria
(n � 2), leptospirosis (n � 5), and scrub typhus (n � 1)
infections. The majority (12 of 13) of the false-positive results
occurred at the IgM test line. No cross-reactivity with JE oc-
curred at the IgM test line, with only two samples giving a
positive IgG test line (89% specificity). The specificity was 89%
for the IgM test line and 97% for the IgG test line, resulting in
an overall specificity of 86% for the rapid test.

The individual results of the AFRIMS ELISA were well
correlated using either the IgM or IgG tests (Fig. 2). There was
a significant association between the mean ELISA ratio and
the rapid score (analysis of variance, P � 0.0001 for IgM and
P � 0.0001 for IgG). However, in the IgM and IgG assays it
was apparent that a number of ELISA-negative samples were
positive in the rapid test. The majority of discrepant sera gave
low positive results in the rapid test, indicating that the cutoffs
used in this assay are slightly lower than those used in the
ELISAs.

DISCUSSION

Due to the higher mortality associated with secondary infec-
tions (15), it is important to use diagnostic assays that are able
to differentiate between the two forms of dengue virus infec-

tion. In endemic areas, secondary infections are most common,
as the majority of children have antibodies against dengue by
the time they are 5 years of age (18, 30, 36). As primary and
secondary dengue virus infections show markedly different im-
munological responses (13), the detection of antibodies is a
valuable procedure to diagnose and differentiate dengue virus
infections. Traditionally, the HAI assay has been used as the
“gold standard” serological test (39), though ELISA has re-
cently been adopted in most laboratories due to its conve-
nience and performance (13).

To further simplify diagnosis, a number of commercial lat-
eral flow tests for the serological diagnosis of dengue virus
infections are now available (from PanBio Ltd.; Cortez Diag-
nostics, Calabasas, Calif.; Glysby, Arcore, Italy; and AmeriTek,
Seattle, Wash.). This format offers the benefit of short incuba-
tion times (5 to 30 min) and the ability to be used in field
settings or in laboratories without adequate equipment or elec-
tricity. The PanBio Dengue Duo Rapid Strip Test is the first
commercial lateral flow test for the diagnosis of dengue that
incorporates recombinant proteins. The four proteins used
(from dengue viruses 1, 2, 3, and 4) each represent the N-
terminal 80% of the respective envelope glycoprotein. The
expression and secretion of these recombinant subunits in the
S2 cells has resulted in molecules that have retained native-like
characteristics.

In the PanBio Rapid Test, IgM and IgG are detected simul-
taneously using a single addition of diluted serum. Therefore,
differentiation between primary and secondary infections can
be made through a single application of diluted serum rather
than a series of dilutions, as is needed in the HAI assay (6).
The sensitivity of this rapid test has been set so that in patients
with primary dengue, IgM is positive while IgG is negative. In
contrast, patients with secondary infections will have a positive
IgG result with or without a positive IgM result.

In-house comparison studies between the whole virus and
recombinant antigens in an IgM and IgG capture ELISA show
a high level of agreement (94% for both). The data obtained
suggest that these proteins should be useful in diagnostic as-
says for the detection of IgM and IgG to dengue virus (data not
shown). In this study, the rapid test performed similarly to the
in-house reference ELISA. The rapid test detected 91% of
primary and 86% of secondary dengue cases compared to 93
and 69%, respectively, using the reference ELISA. There was
no significant difference between the sensitivities in primary
dengue virus infections (P � 1.0000), though there was a sig-
nificant difference in the sensitivities in secondary dengue virus
infections (P � 0.0063).

TABLE 1. Sensitivities of recombinant-antigen rapid test and
AFRIMS in-house ELISA for primary and secondary

dengue virus infections

Assay

No. of positive samples/total no. tested
(% sensitivity)

Primary dengue Secondary dengue

IgM rapid test 42/46 (91) 19/36 (53)
IgM ELISA 43/46 (93) 18/36 (50)
IgG rapid test 3/46 (6) 31/36 (86)
IgG ELISA 2/46 (4) 25/36 (69)
IgM and IgG rapid test 42/46 (91) 32/36 (89)
IgM and IgG ELISA 43/46 (93) 28/36 (78)

TABLE 2. Detection of dengue virus infection in
paired sera using the rapid test

Diagnosis

No. of positive samples/total no. tested
(% sensitivity)a

IgM rapid
test S1

IgM rapid
test S2

IgG rapid
test S1

IgG rapid
test S2

Primary dengue 18/20 (90) 20/20 (100) 0/20 (0) 3/20 (15)
Secondary dengue 4/16 (25) 14/16 (88) 14/16 (88) 15/16 (94)

a S1, acute-phase sera taken at hospital admission; S2, convalescent-phase sera
taken at hospital discharge.
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No significant differences were reported between the abili-
ties of the rapid test and the reference ELISA to detect pri-
mary infections using the acute sample only (90 versus 85%,
respectively; P � 1.0000). Based on these results, the rapid test
was able to diagnose 90% of all primary cases at hospital
admission. Eighty-eight percent of secondary cases were also
diagnosed using only the acute sample in the rapid test. Con-
sequently, 89% of all dengue patients were diagnosed using the
acute sample in the rapid test, indicating that a second sample
was necessary in only 11% of cases. A laboratory diagnosis of
acute dengue virus infection at the time of admission will refine
the differential diagnosis. However, a negative result early in
the course of illness requires repeat testing, as does a diagnosis
of secondary dengue virus infection if it is important to know
the antibody response pattern.

There was no significant difference between the sensitivities
when either the acute- or convalescent-phase sample was used
for the detection of IgM in primary dengue (P � 0.4872) or
IgG in secondary dengue (P � 1.0000). The only significant
difference observed between the first and second samples was
the sensitivity of IgM in secondary dengue (P � 0.0010). A
sensitivity of 25% was achieved using the first sample, and this
rose to 88% using the second sample. This supports theories
stating that the IgM in secondary dengue is generally produced
at lower levels and can take longer to reach detectable levels
than IgM in primary infections (18, 30, 36).

As the recombinant proteins include 80% of the envelope
protein, it is likely that they have a level of cross-reactivity
similar to that of the whole virus. In this study, we found there
were false positives with malaria, leptospirosis, and scrub ty-
phus sera at the IgM test line, with the IgG test line being very
specific. This pattern is different from that generally observed
with whole virus (24, 31, 37, 38).

The only cross-reactivity seen at the IgG test line in the rapid
test was with sera from patients infected with JE virus. Con-
sequently, this rapid test would be useful in areas where den-
gue and JE are endemic, as a positive IgM result in this assay
is not likely to be due to an active JE virus infection. Cross-
reactivity between flaviviruses at the IgG level is common and
has been reported in diagnostic assays (7, 8, 20, 24).

The recombinant proteins were chosen because they repre-
sent the majority of the active section of the envelope protein,
the target for neutralizing epitopes (16), and hence are more
likely to mimic whole virus in serological assays. In addition,
the envelope protein has been reported to elicit the first im-
mune response in primary infections (5). As this response is
also long lasting, the inclusion of recombinant glycoproteins in
a dengue assay is a logical choice.

Several groups have expressed recombinant dengue enve-
lope subunits as soluble secreted proteins using a variety of
recombinant expression systems (9, 10, 23, 25, 28, 34). These

are claimed to elicit neutralizing and HAI antibodies (11) and
to induce a stronger and longer-lasting immune response in
animals (29). These efforts to express soluble dengue envelope
subunits have met with various degrees of success. In each

FIG. 2. Correlation between the ELISA and the rapid test for IgM
(a) and IgG (b). The broken lines represent the cutoff units used in the
ELISA. The horizontal bars represent the mean ELISA ratio for each
rapid score.

TABLE 3. Specificities of dengue rapid test for JE virus and nonflavivirus infections

Test
No. of negative samples/total no. tested (% specificity)

JE NEI Malaria Leptosporosis Scrub typhus Nonflavivirus total Nondengue total

IgM line 18/18 (100) 30/34 (88) 13/15 (87) 15/20 (75) 19/20 (95) 77/89 (87) 95/107 (89)
IgG line 16/18 (89) 33/34 (97) 15/15 (100) 20/20 (100) 20/20 (100) 88/89 (99) 104/107 (97)
IgM or IgG line 16/18 (89) 29/34 (85) 13/15 (87) 15/20 (75) 19/20 (95) 76/89 (85) 92/107 (86)
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case, efforts to establish that the expressed subunits have main-
tained native-like structure were made; however, it is difficult
to assess the relative quality of one subunit versus another
based on the in vitro assays used. The ability of the envelope
subunits to stimulate the production of neutralizing antibodies
and to provide a protective response when used to immunize
mice or monkeys has been the key to assessing the quality of
recombinant dengue envelope proteins. The Escherichia coli-
expressed E proteins (25), while reactive to appropriate mono-
clonal antibodies, failed to provide a protective response in a
mouse challenge assay. The baculovirus-expressed E proteins
(9, 10, 28) have resulted in various levels of neutralizing anti-
bodies and protection in both mice and monkeys, indicating
that these insect cell-produced subunits have a more native-
like conformation. In similar studies with the S2-expressed
80% E subunits, the induction of levels of neutralizing anti-
bodies and protection against challenge has been achieved in
both mice and monkeys (B.-A. G. Coller, D. E. Clements, G. S.
Bignami, I. D. Peters, J. R. Putnak, M. McDonell, and T.
Humphreys, unpublished data). These results indicate that the
S2-expressed 80% E subunits have maintained a native-like
conformation. This study also confirmed that the 80% E sub-
unit proteins expressed in the S2 expression system have na-
tive-like characteristics based on the ability of these recom-
binant subunits to produce sensitivities similar to those of
whole-virus antigens in the assays described.

We have presented our results on the performance of the
PanBio Duo Rapid Test using these recombinant dengue pro-
teins and demonstrated a high level of sensitivity and specificity
in diagnosing acute primary and secondary dengue. This test
offers a safe alternative to diagnostic assays using whole-virus
antigens and will provide the clinician with a reliable and rapid
assay to distinguish acute dengue virus infections and identify
secondary dengue virus infections and thus patients at risk for
severe dengue. Due to these advantages, this rapid test is likely
to be the first of the next generation of diagnostic assays for
dengue.
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