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We have evaluated a commercial enzyme immunoassay for the rapid detection of dengue NS1 antigen
in human sera. The PLATELIA = Dengue antigen assay was compared with the in-house IgM and
TagMan real-time RT -PCR using a panel of sera from primary acute and convalescent dengue
infections, secondary acute and convalescent dengue infections, IgM-positive samples, tissue culture
supernatant and other fIavh4i|\r/|aI infections. Of the 93 acute serum samples 82 were positive for NS1
antigen using the PLATELIA ~ Dengue antigen assay. Overall, the NS1 detection rate was much higher
in the acute primary dengue (100%) than in the acute secondary dengue (53.3%) serum samples. Both

the PLATELIA
(100%). The overall sensitivity of the PLATELIA

Dengue antigen assay and the TagMan real-time RT-PCR assay were highly specific
Dengue antigen assay was 93.9T% and 55% in the
absence and presence of IgM, respectively. The results indicate that the PLATELIA

Dengue antigen

assay is a specific and sensitive assay for the detection of dengue virus infections during the primary

acute phase when IgM is not detectable.
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INTRODUCTION

Dengue virus is an arthropod-borne Flavivirus that can be
found in tropical and sub-tropical regions world-wide. It is
the causative agent of dengue which could present as a
mild fever, called dengue fever (DF), or a more severe,
often fatal disease such as dengue haemorrhagic fever
(DHF) or dengue shock syndrome (DSS) (Gubler and
Clark, 1995). The World Health Organization estimates
that there may be up to 100 million dengue infections
world- wide which could result in up to 250 000 to 500
000 cases of DHF each year (Gibbons and Vaughn,
2002; WHO, 1997).

There are four serotypes of dengue designated dengue
1 through dengue 4 (DEN 1 to DEN 4) that is antige-
nically related (Monath and Heinz, 1990). Recovery from
infection by one serotype can confer life-long protection
against that serotype; however, it provides only partial,
transient immunity against subsequent infection by the
other three dengue serotypes. All four serotypes cause
disease, usually asymptomatic or mild dengue fever (Hal-
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stead, 1988). Progression from DF to DHF and DSS us-
ually occurs after a second infection with a different sero-
type, which is due to immune-mediated enhancement of
infection, known as antibody-dependent enhancement
(ADE) (Halstead, 1988).

Dengue virus is a positive stranded, encapsulated RNA
virus. The genome is approximately 11 kb in size and has
a single open reading frame (ORF) encoding for a single
polypeptide. The polypeptide is further processed into
three structural proteins, that is, the capsid (C), mem-
brane (M), and envelope (E) proteins, and seven non-
structural (NS1) proteins (NS1, NS2A, NS2B, NS3,
NS4A, NS4B, NS5) (Chambers et al., 1990; Deubel et al.,
1988). The NS1 protein is a 50-kilodalton glycoprotein
that is expressed on the surface of infected cells, and is
found in both secreted and non-secreted forms (Falconar
and Young, 1990). Although the exact function NS1 is
unknown, this glycoprotein is thought to play a vital role in
virus viability.

Diagnosis of dengue virus infection in clinical labora-
tories is achieved through the detection of the virus by
virus isolation or viral RNA, and detection of dengue-
specific IgM and IgG antibodies. Although virus isolation
is the gold standard for detection of dengue virus, this



Table 1. Category of samples used in the evaluation.

Group Category Number of NS1 assay No. of RT-PCR No. of
samples samples (%) samples (%)

1 Acute dengue sera
DEN 1 20 18(90) 20(100)
DEN 2 20 18(90) 20(100)
DEN 3 20 20(100) 20(100)
DEN 4 6 6(100) 6 (100)

2 Primary Dengue Acute 12 12(100) 12(100)
Primary Dengue Convalescent 12 5(41.7) ND
Secondary Dengue Acute 15 8(53.3) 13 (86.7)
Secondary Dengue Convalescent 15 1(6.7) ND

3 IgM positives 60 33(55) 60(100)

4 Other Viral infections
Japanese Encephalitis 14 0 0
Chikungunya 6 0 0
West Nile 6 0 0

technique is both tedious and time-consuming. In addi-
tion, indirect immuno-fluorescence using serotype- spe-
cific monoclonal antibodies is required to identify the
dengue serotype (Henchal et al., 1983). Thus, more rapid
alternatives are generally used. Serology has been the
main method employed in the diagnosis of dengue
infections. Antibody detection using IgM and IgG capture
ELISA assays have been developed and used in diag-
nostic laboratories (Lam et al., 1987), whereas NS1
antigen detection is becoming increasingly useful, parti-
cularly in plasma samples from patients with acute pri-
mary and secondary dengue infections (Koraka et al.,
2003). Molecular diagnosis of dengue infections has
increased significantly over the years (Shu and Huang,
2004). More recently, the real-time RT-PCR assay has
been developed with many advantages over conventional
methods (Kong et al., 2006).

The objective of this study was to evaluate the

PLATELIA™ DENGUE NS1 AG Assay for the diagnosis
of dengue using sera/plasma obtained from the Diagnos-
tic Laboratory of University Malaya Medical Center
(UMMC) from patients with primary and secondary den-
gue infections, as well as sera from patients with other
flaviviral infections.

MATERIALS AND METHODS
Serum samples

A total of 206 serum samples were used to evaluate the kit. These
sera were from patients admitted to University Malaya Medical Cen-
ter for acute viral infections that included 12 pairs of confirmed pri-
mary dengue infections, 15 pairs of confirmed secondary dengue
infection, and 60 single serum samples from acute phase of dengue
that were IgM-positive and 26 single samples from patients with
other viral infections. In addition, 66 serum samples from which
dengue virus was isolated were included (Table 1). Supernatants
from 8 tissue culture of four dengue virus serotypes were used.

Primary and secondary dengue infections are generally different-
tiated based on the titres of haemagglutination inhibition (HI) test.
Patients are classified as having secondary dengue virus infections
when the HI test titer is greater than or equal to 1:2 560 and a 4-fold
rise is observed in the paired sera. Patients are classified as having
acute primary dengue infection when the Hl test tire is less than 1:1
280 and a 4-fold rise is observed in paired sera that were collected
with an interval longer than 7 days (WHO, 1997).

In-house IgM capture ELISA

The in-house IgM capture ELISA was performed as previously
described (Lam et al., 1987). A 100 | of a 1:100 dilution of sample
was added to human anti-IgM coated 96-well flat- bottomed plates
and incubated for 1 h at 37°C. After washing three times with PBS-
Tween 20 (0.05%), 100 | of a 1:100 dilution of sucrose acetone-
extracted stock dengue antigen, which had an HA titre of 1:2 560,
was added and incubated for another 1 h at 37°C. The plates were
then washed three times with PBS-Tween 20 (0.05%) and 100 | of a
1:5 000 dilution of mouse monoclonal antibody was added, and
incubated at 37°C for 1 h. The plates were washed again with PBS-
Tween 20 (0.05%) and 100 | of a 1: 50 000 dilution of goat anti-
mouse IgG conjugated with HRP was added and incubated for 1 h
at 37°C. After a further three washes, 100 | of OPD (ortho-
phenylenediamine.2HCI) was added to all wells and incubated in
the dark at 28°C. The reaction was stopped with 50 | of 4N sul-
phuric acid and the absorbance (OD) of each well was read at a
wavelength of 490 nm with a reference filter of 630 nm using an
ELISA plate reader. The positive control/sample OD was divided by
the mean of the negative OD to obtain a positive: negative ratio
(P/N). A P/N ration of greater or equal to 2.0 is considered positive.
A result with a P/N ratio of less than 2.0 is reported as a negative if
the sample is collected two weeks after disease onset.

PLATELIA™ DENGUE NS1 AG Assay

This is a one-step sandwich-format microplate enzyme immuno-
assay for detecting dengue virus NS1 in human serum or plasma.
The assay was carried out according to the manufacturer's
instructions (Biorad). The presence or absence of NS1 in a sample
is based on the comparisons of the OD of sample versus OD of
control sera provided. Samples were considered (i) non-reactive for



Table 2. Sensitivity, efficiency and specificity of the NS1 assay in IgM positive

and negative samples.

Sample Sensitivity of Efficiency Specificity of
NS1 assay NS1 assay NS1 assay
IgM ELISA negative 93.9% 67.4% 100%
IgM ELISA positive 55.0% 38.4% 100%
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Figure 1. Detection of NS1 with increasing IgM P/N ratios.

dengue virus NS1 if the ratio is less than 0.5, (ii) equivocal for den-
gue virus NS1 antigen if the ratio is between 0.5 and 1.0, and (iii)
reactive for dengue virus NS1 antigen if the ratio is more than 1.0.

TagMan real-time RT-PCR

The one-step TagMan real-time RT- PCR was carried out in an
iCycler (BioRad) thermocycler using the method of Kong et al.
(2006) where 5 pl of viral RNA was added to a 20 pl reaction con-
taining 0.5 pM of each primer, four TagMan probes (0.25 uM each),
and 5.0 nM of MgClz . The thermal cycling profile of this assay
consisted of a 30 min RT step, which was performed at 50°C, 15
min of Taq polymerase activation at 95°C of denaturing for 30 s and
60°C of annealing/extension for 1 min.

Calculations of sensitivity and specificity and efficiency

Percent Sensitivity = a/a+c x 100%
Percent Specificity = b/b+d x 100%
Efficiency = at+b/a+b+c+d x 100%

Where a = number of true positives b =
number of false positives ¢ =
number of false negatives d =
number of true negatives

RESULTS

Table 1 summarizes the evaluation of the PLATELIA™
Dengue antigen assay against the in-house IgM and
TagMan real-time RT -PCR. NS1 antigen was detectable
in all 8 tissue culture supernatants containing four sero-
types of dengue. Of the 66 samples from which dengue

virus was isolated and tested positive for dengue virus %

RT-PCR, 62 (94%) tested positive with the PLATELIA
Dengue antigen assay (Table 1). Two sera, one each of
DEN1 and DEN2 serotypes, were considered equivocal

with the PLATELIATNI Dengue antigen assay. NS1 anti-
gen was also detected in all the primary acute phase sera
and in 8 (61.5%) of the 13 secondary acute phase sera.
RT-PCR detected viral RNA in the acute sera of all pri-
mary dengue sera and in 86.7% of the secondary sera.
However, in the convalescent samples the RT-PCR as-
say detected viral RNA in 5 of the 12 primary convale-
scent samples and in only 1 of the 15 secondary convale-
scent sample (Table 1). In the presence of IgM, however,
NS1 was detected in 33 (55%) of the 60 samples tested
positive by RT -PCR (Table 1). NS1 antigen was not
detected in any of the sera from patients with other flavi-
viral infections, namely JE and Chikugunya. Thus, this
assay was equally specific as the TagMan real-time RT-
PCR assay (100%). The sensitivity of the PLATELIA™
Dengue NS1 antigen assay was much higher in the ab-
sence of IgM (93.9%) compared with IgM (55%) with an
overall efficiency of 67.4 and 38.4%, respectively (Table
2).

Further analysis showed the ability of the PLATELIA™
Dengue NS1 antigen assay to detect dengue NS1 anti-
gen in the presence and absence of dengue virus -speci-
fic IgM and is depicted in Table 2 and Figures 1 - 3. The
level of IgM, as depicted by P/N ratios, indicated that in
the presence of IgM NS1 detection was reduced (Figure
1). Similarly, as seen in Figure 2, that as IgM levels rose,
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Figure 2. Comparison of IgM, RT-PCR and NS1 antigen detection based on date of onset.
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Figure 3. Detection of NS1 in the presence of IgG antibodies.

a drop in NS1 detection was noted. The assay was also
evaluated with regard to the date of onset of fever where
it was seen that it is possible to detect the presence of
NS1 antigen at least up to day 10 from the onset of fever
with the detection rate decreasing with an increase in
anti- dengue IgM detection. On the other hand, RT-PCR
was able to detect viral RNA up to day 8 from the onset of
fever. In the presence of IgG antibodies, as measured by
the HAI assay, it was also observed that NS1 detec-tion
decreased with increasing IgG titers as seen in Fi-gure 3.

DISCUSSION

With the escalating incidence of dengue and the absence
of vaccines for the prevention of this disease, the early
diagnostic confirmation of dengue infections in patients is
at present one of the ways to efficiently combat the seve-
rity of this disease. Furthermore, the clinical diagnosis of
dengue is not reliable due to the fact that this infection
could result in asymptomatic or mild, undifferentiated fe-

ver (Burke et al., 1988; Endy et al., 2002). There have
been considerable advances in the development of both
serological and molecular methods in the diagnosis of
dengue virus infections (Shu and Huang, 2004). Of these,
three methods that are used extensively in laboratories
world-wide for the diagnosis of dengue infections are
virus isolation, detection of anti-dengue IgM via ELISA
and detection of viral RNA via RT-PCR. Virus isolation
and RT-PCR require specialized facilities, skill and are
expensive. Hence, most laboratories use either in-house
ELISAs or commercial kits to detect IgM and IgG anti-
bodies. These assays, however, are positive only after
the third day of infection. The nonstructural glycoprotein
NS1 is an extremely useful diagnostic marker as it has
been found to circulate in the plasma of patients infected
with dengue virus (Alcon et al., 2002; Alcon-LePoder et
al., 2006). Several studies have shown that high concen-
trations of the NS1 antigen forms immune complexes with
NS1-specific IgG antibodies that can be detected in acute
phase sera in both primary and secondary dengue virus
infections (Koraka et al., 2003; Young et al., 2000).



Recent studies have also shown that this antigen can
be detected up to day 18 after onset of symptoms (Alcon
et al., 2002; Dussart et al., 2006; Xu et al., 2006).

This study evaluated the PLATELIA™ Dengue NS1
antigen assay and showed that it is specific and sensitive
in the detection of dengue NS1 antigen in acute patients’
sera with the assay being more efficient with acute phase
sera of primary infection as compared to secondary den-
gue infection. This is concurrent with the findings of
Dussart et al. (2006) and Kumarasamy et al. (2007). The

current study has also shown that the PLATELIA™
Dengue NS1 antigen assay is able to detect dengue NS1
antigen in some of the patients’ sera up to day 10 from
onset of fever, but detection levels decreased conside-
rably from day 4 onwards due to the emergence of anti-
bodies, both IgM and 1gG, that form immune complexes
thus diminishing the amount of free NS1 in the serum. Of
importance, however, is the fact that in the acute phase
of the illness, especially prior to the emergence of
antibodies, nearly all samples had detectable levels of
NS1 antigen. Hence, in the first 3 days of illness this
assay reached a sensitivity of close to a 100%, making it
a suitable test for the diagnosis of dengue infection dur-
ing the acute stage of the disease. As a large number of
patients are clinically diagnosed with dengue during this
phase but not serologically confirmed (as IgM is not
detectable), the NS1 antigen assay would be useful
especially in instances when second samples are not or
cannot be obtained. Therefore, the use of both the
PLATELIA™ Dengue NS1 antigen assay and the IgM
ELISA in the diagnosis of dengue could increase the dia-
gnosis of dengue infections in clinical diagnostic labora-
tories.

This assay is simple to perform, rapid and easily imple-
mentable, especially in laboratories that are already per-
forming ELISAs and thus have the basic facilities for this
assay. Within a few hours, physicians in out- patient cli-
nics can make a diagnosis in both acute and early con-
valescent phases. Early detection of dengue will enable
not only better in-patient management but also rapid noti-
fication of appropriate public health authorities, especially
vector control units. However, these assays are unable to
distinguish the serotype of dengue virus causing the
infection. PCR is fast becoming the method of choice for
the rapid detection of dengue viruses, especially in refe-
rence and research laboratories. With the recent
advances in real- time PCR, several methods have been
developed using this versatile tool that enables rapid
detection, serotype identification, as well as viral RNA
guantitation (Kong et al., 2006; Laue et al., 1999) . The
only drawback in these methods is the need for spe-
cialized equipment and the cost incurred using this
method. Thus, the choice of an assay that is to be used in
the diagnosis of dengue infections depends on several
factors, including the laboratory infrastructure, preference
and availability of equipment. The current evaluation also
showed that this assay was 100% specific when tested with
sera positive for other related infections. However, more

more such samples need to be tested to ensure minimal
or no cross-reactivity especially with other flaviviruses.

In conclusion the current evaluation of the PLATELIAT
Dengue NS1 antigen assay shows that this assay is use-
ful, sensitive and specific for the diagnosis of dengue
infection, especially during the acute phase when antibo-
dies are not detectable.
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