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Abstract

Early and accurate diagnosis of dengue is imperative for disease surveillance, which helps in the control of
dengue in endemic countries. In this study, we evaluated the performance of three commercially available
dengue nonstructural 1 (NS1) antigen assays (Bio-Rad Platelia™ Dengue NS1 Antigen ELISA, PanBio Dengue
Early ELISA, and Bio-Rad Dengue NS1 Antigen Strip test) and compared them with reverse-transcription
polymerase chain reaction (RT-PCR) and other commercially available serological assays for the diagnosis of
dengue. The analysis showed RT-PCR to be the most sensitive and specific (100%) diagnostic method during the
first 3 days of fever. The overall sensitivity of dengue NS1 antigen assays within the same period was 81.7%,
indicating their potential role as a cost-effective and convenient alternative method to RT-PCR for the diagnosis
of dengue fever in a primary healthcare setting. However, reduced sensitivity in detecting secondary dengue
infections was one of the drawbacks of dengue NS1 antigen assays. Nonetheless, it remains a useful assay for the
early detection of dengue and hence could play an important role in routine surveillance efforts to control

dengue outbreaks in Singapore.
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Introduction

DENGUE IS A MOSQUITO-BORNE viral disease affecting ap-
proximately 50-100 million individuals annually in
more than 100 countries (Gubler 2002). Seventy percent of the
2.5 billion people at risk of dengue reside in Southeast Asia
and Western Pacific region. Dengue virus (DENV) is a flavi-
virus comprising four distinct yet antigenically related sero-
types (DENV1—4) in DENV antigenic complex (Calisher et al.
1989). Infection with any of the four serotypes can result in an
illness with a wide clinical spectrum (Halstead 1989) ranging
from a mild flu-like febrile episode to death due to dengue
hemorrhagic fever and dengue shock syndrome. There has
been a gradual increase in the global incidence of dengue since
the year 2000 (World Health Organization 2009) which is
believed to be due to factors such as rapid urbanization, ex-
panding human population and activities, and increased
global travel and geographical expansion of the primary
vector, Aedes aegypti. Therefore, dengue is believed to pose a
mounting challenge to the tropical and subtropical regions
throughout the world.

As there is currently no specific therapy or commercially
available vaccine to prevent or treat the infection, early de-
tection of disease transmission and outbreaks is critical for
surveillance programs that are aimed at minimizing mor-
bidity by controlling disease spread. At present, laboratory
confirmation of dengue relies on demonstration of the pres-
ence of DENV by (a) isolation of DENV from patient serum,
(b) detection of viral RNA by reverse transcription—
polymerase chain reaction (RT-PCR), and (c) detection of
dengue-specific antibodies (immunoglobulin M [IgM]/IgG)
by using enzyme-linked immunosorbent assay (ELISA) (Pan
American Health Organization 1994, Guzman and Kouri
1996, Vorndam and Kuno 1997). Each method has its own
advantages and disadvantages that define criteria for their
selection in different settings.

Viral isolation is laborious and requires approximately
7-10 days to obtain results. It is thus not suitable as front-line
assays for early diagnosis of dengue infection. In contrast,
viral RNA detection by PCR technology allows early diag-
nosis of infections as results can be obtained within hours (Lai
etal. 2007). It can also be used for rapid serotyping of the virus

'National Environment Agency, Environmental Health Institute, Singapore, Singapore.
Singapore Polytechnic, School of Chemical and Life Sciences, Singapore, Singapore.

1009



1010

(Lanciotti et al. 1992, Lai et al. 2007). However, PCR is an
expensive option for routine diagnostic purposes as it requires
trained personnel and specialized laboratory equipments and
reagents. The usage of dengue-specific antibody detection
assays, though cost-effective, is limited in the early phase of
disease as antibodies become detectable only around the fifth
day upon the onset of disease. The antibody assays ideally
require appropriately timed paired serum samples for the
confirmation of an acute dengue infection (Pan American
Health Organization 1994, Guzman and Kouri 1996, Vorn-
dam and Kuno 1997). Over the past decade, several studies
(Young et al. 2000, Huang et al. 2001, Alcon et al. 2002, Koraka
et al. 2003, Xu et al. 2006) have shown that detecting dengue
nonstructural 1 (NS1) protein could be a promising and ef-
fective alternative for the early diagnosis of dengue.

Dengue NSI is a highly conserved 46-kDa nonstructural
glycoprotein that both exists as an intracellular, membrane-
associated and as an extracellular form secreted from DENV-
infected mammalian cells (Winkler et al. 1989). Clinical
observations have shown that dengue NS1 antigen can be
detected in the circulation during DENV infection and it elicits
a specific immune response (Monath and Heonz 1996). Later
studies further demonstrated the presence of dengue NSI
antigen in acute-phase sera of infected individuals. In cul-
tures, the levels of NS1 protein correlated with infectious titers
of DENV (Young et al. 2000, Alcon et al. 2002).

Over the recent past, several dengue NS1 antigen assays are
available commercially for the detection of dengue NS1 an-
tigen in human sera. Evaluation of these assays (Dussart et al.
2006, Kumarasamy et al. 2007, Blacksell et al. 2008, Lapphra
et al. 2008) has demonstrated high sensitivity and specificity
for DENV detection, particularly during the acute phase of the
disease. In this study, we evaluated the performance of three
commercially available dengue NSI1 antigen assays, in com-
parison with other widely used dengue diagnostic assays, to
determine the usefulness of NS1 antigen assays in early di-
agnosis of dengue in a primary healthcare setting in Singa-
pore. This study could provide additional information to help
improve laboratory diagnosis and demonstrates the impor-
tance of comprehensive evaluation of commercial kits before
any large-scale application of a test. This could be of interest to
those involved in the study of management of vector-born
diseases.

Materials and Methods
Serum samples

Two sets of sera (set A and set B) constituting 433 blood
samples from 321 suspected dengue cases collected during
2005-2007 were used in this evaluation.

Set A consisted of acute and convalescent sera collected
from 112 patients suspected of having dengue as part of a
broad study on dengue fever (Low et al. 2006). Acute samples
were obtained within the first 72 h from the onset of fever, and
the convalescent samples from the same individuals were
collected on third to eighth day after the onset of fever.

Set B consisted of 209 nonpaired serum samples obtained
from individuals suspected of having dengue. All samples of
set B were collected from the onset (day 1) to 8 days after the
onset of fever at primary healthcare clinics in Singapore and
sent to the Environmental Health Institute (EHI), a national
public health laboratory, for routine diagnosis. Samples were
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TaBLE 1. SUMMARY OF TEST SERA USED
FOR THE EVALUATION OF DENGUE
NONSTRUCTURAL 1 AssAys

Set A Set B
(112 paired (209 single Total cohort
Infection status samples)  collection)  of patients
Confirmed dengue (D) 52 109 161
Primary dengue (P) 31 84 115
Secondary dengue (S) 21 25 46
Nondengue (ND) 60 100 160

stored at —80°C until analysis by RT-PCR and dengue NS1
and serology assays.

Detection and serotyping of DENV

Real-time RT-PCR for the detection and serotyping of
DENYV was performed on 433 suspected dengue samples as
previously described (Lai et al. 2007).

Serological analyses

Dengue IgM and IgG antibodies in 433 suspected dengue
samples were determined using commercially available den-
gue antibody detection assays: Dengue Capture IgM ELISA
(“Capture IgM”), Dengue Capture IgG ELISA (“Capture
IgG”), and PanBio Dengue Duo Cassette kit (“Dengue Duo”),
in accordance with the manufacturer’s instructions (Inverness
Medical Innovations, Queensland, Australia).

Dengue NS1 antigen assays

Presence of dengue NS1 antigen in 433 suspected dengue
samples was determined using three commercially available
kits: Platelia™ Dengue NS1 Antigen ELISA (“Platelia”),
Dengue NS1 Antigen Strip (“NS1 Strip”; Bio-Rad Labora-
tories, Marnes La Coquette, France), and PanBio Dengue
Early ELISA (“Dengue Early”; Inverness Medical Innova-
tions) assays. All tests were performed according to the
manufacturers’ instructions.

Characterization of infection status

“Recife” method (Cordeiro et al. 2009) was used in this
study to classify the dengue infection status of analyzed
samples. Different infection statuses were assigned to 321
patients suspected of having dengue (Table 1) based on the
following criteria:

(1) Confirmed dengue infection (D) was defined as the
presence of viral RNA, dengue-specific IgM anti-
bodies, or high titer (equivalent to hemagglutination
inhibition titer of >2560) of dengue-specific IgG anti-
bodies (based on Capture IgG) in test sera.

(2) Nonacute infection (ND) was characterized by the
absence of virus RNA, anti-dengue IgM, and/or high
titer IgG antibodies in sera.

(3) Primary dengue infection (P) was defined as the ab-
sence of high titer of dengue-specific IgG antibodies
(based on Capture IgG) in the acute sera sample and
presence of anti-dengue IgM antibodies or viral RNA,
followed by presence of anti-dengue IgG in convales-
cent sera sample.
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FIG.1. Longitudinal variation of the sensitivity of assays used for the diagnosis of dengue. The comparison was made using
set A samples that consisted of paired serum of dengue-infected individuals collected within the first 3 days of fever (acute)
and from days 3 to 8 (convalescent). The error bars show two standard deviations of the proportion of sensitivity for each bar.

(4) Secondary dengue infection (S) was defined as the
presence of high titer (equivalent to hemagglutina-
tion inhibition titer of >2560) of dengue-specific IgG
antibodies (based on Capture IgG) in the acute se-
rum and/or viral RNA detection in the acute sera
sample.

Ethical considerations

Written consent was obtained from each patient (or the
patient’s guardian) after explaining the research objectives.
All data were handed confidentially and anonymously. This
study was reviewed and approved by the Internal Review
Board of the National Healthcare Group and National
Environmental Agency, Singapore.

Statistical analysis

Diagnostic accuracy indices of sensitivity, specificity, pos-
itive predictive value (PPV), negative predictive value (NPV),
chi-square, and Cohen’s kappa values were calculated using
SPSS for Windows software (version 13.0; SPSS, Chicago, IL).
The sensitivity, specificity, PPV, and NPV for the assays were

calculated as follows: sensitivity = (true positive)/(true posi-
tive 4 false negative); specificity = (true negative)/(true neg-
ative + false positive); PPV = (true positive)/(true positive +
false positive); NPV = (true negative)/(false negative + true
negative). The 95% confidence intervals (CIs) were calculated
as estimates of the effectiveness of assays using +2 xstandard
error of proportion (formula: \/[p(1 — p)/n]). Diagnostic odds
ratio (DOR) is the quotient between positive likelihood ratio
(LR+) and the negative likelihood ratio (LR—). LR+ and LR—
were calculated using the following formulas: [sensitivity/
(1 — specificity)] and [(1 — sensitivity)/specificity], respec-
tively.

Results
Characterization of study sera based on Recife method

Of 112 first collected sera of set A samples, 52 (46.4%) were
positive for dengue by RT-PCR and included all four sero-
types: DENV1 (n=19), DENV2 (n =24), DENV3 (1 =38), and
DENV4 (n=1). The serological analysis of convalescent sera
showed the presence of dengue IgM and/or high titer of IgG
(based on Capture IgG) in all 52 RT-PCR~-positive samples. Of
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TABLE 3. OVERALL AND SEROTYPE-SPECIFIC SENSITIVITY OF THE THREE DENGUE NONSTRUCTURAL 1 ANTIGEN DETECTION ASSAYS

=129)

Total (n

2)

DENV4 (n

17)

DENV3 (n

59)

DENV2 (n

51)

DENV1 (n
No. of

positive tests

Sensitivity % No. of Sensitivity % No. of Sensitivity % No. of Sensitivity %
(95% CI)  positive tests (95% CI) positive tests (95% CI) positive tests (95% CI)

No. of
positive tests

Sensitivity %
(95% CI)

Dengue serotype

86.3 (76.8-95.7) 52 88.1 (79.7-96.4) 15 88.2 (79.2-100.0) 2 100.0 (96.4-100.0) 113 87.6 (81.9-93.3)

44

Bio-Rad Platelia
Dengue NS1
Antigen ELISA

Bio-Rad Dengue

43 84.3 (74.3-94.3) 50 84.7 (75.6-93.3) 13 76.5 (56.3-96.6) 2 100.0 (96.4-100.0) 108  83.7 (77.4-90.1)

NS1 Antigen Strip
PanBio Dengue

75.9 (68.6-83.3)

1 50.0 (0.0-86.7) 98

43 72.9 (61.5-84.2) 9 52.9 (29.2-76.7)

88.2 (79.4-97.1)

Early ELISA

Dengue virus (DENV) serotypes were determined by RT-PCR (1 =129) as described in the Materials and Methods section.

Capture IgG assays. On the other hand, there were eight sera
collected within the first 3 days of fever that were positive for
dengue by RT-PCR, but negative by NS1 assays.

Both the Platelia and Dengue Early assays demonstrated
100% specificity; however, one false positive was detected
using NS1 Strip. In comparison, RT-PCR and Dengue Duo
detection assays demonstrated 0% and 7% false-positive rates,
respectively.

As shown in Table 2, Cohen’s kappa () values of more than
0.7 were observed for RT-PCR (x =0.72), Platelia (x =0.81),
and NS1 Strip (k =0.77) assays, indicating a strong agreement
of obtained results with the dengue infection status of patient
sera. Dengue Early achieved a kappa value of 0.66, indicating
a slightly less but good agreement. In contrast, dengue IgM/
IgG detection assays demonstrated low kappa values (less
than 0.5), indicating relatively low agreement of their results
with dengue infection status.

The DOR measures the odds of positivity in a disease rel-
ative to the odds of positivity in nondiseased case (Glas et al.
2003). The DOR values reflect a similar pattern of perfor-
mance among the evaluated assays in this study as the kappa
values. The Platelia assay showed the highest DOR (890)
among the dengue diagnostic assays tested (Table 2): RT-PCR
(DOR = 527), Dengue Early (DOR =406), NS1 Strip (DOR =
370), Capture IgM/Capture IgG (DOR=196), and Dengue
Duo (DOR =16).

Serotype sensitivity of dengue NS1 antigen assays

Of 129 dengue-positive sera serotyped by RT-PCR (set
A =52, set B=77), the Platelia assay showed greater than 86%
sensitivity (Table 3) in detecting all four serotypes (DENV1:
86.3%, DENV2: 88.1%, DENV3: 88.2%, DENV4: 100.0%). The
differences observed for each serotype were not statistically
significant (chi-square test: > =0.35, p = 0.950). Similarly, no
significant difference was observed in the sensitivity levels of
the NS1 Strip test for detecting different dengue serotypes
(x*=1.10, p=0.776). However, Dengue Early assay showed a
significant difference in the sensitivity of detection between
DENV1 and DENV3 serotypes (5* = 19.47, p < 0.05).

Performance of dengue NS1 assays in primary
and secondary dengue infections

Accordingly to the Recife classification, 46 (28.6%) of 161
dengue-positive sera of sets A and B were classified as sec-
ondary dengue infections. As shown in Table 4, dengue NS1
antigen assays, in general, showed higher sensitivity of de-
tecting primary (75.7-93.0%) than secondary (47.8-54.4%)
dengue infections. The detection rates of all three dengue NS1
antigen assays were significantly higher (Platelia: 5*=33.32,
p<0.05; NS1 Strip: 4*=35.06, p<0.05 Dengue Early:
7> =9.90, p < 0.05) in patients with primary than secondary
dengue infections.

Discussion

Primary healthcare settings offer an excellent opportunity
for the early diagnosis of dengue infections which helps in
better patient management. Early diagnosis also enhances
disease surveillance and control by accurate and prompt
identification of active disease clusters. This is important in
Singapore where dengue is endemic and is more commonly
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TABLE 4. SENSITIVITY OF THREE DENGUE NONSTRUCTURAL 1 ANTIGEN DETECTION ASSAYS ACCORDING
TO DENGUE INFECTION STATUS (PRIMARY DENGUE INFECTION VERSUS SECONDARY DENGUE INFECTION)

Primary dengue® (n=115)

Secondary dengue® (n = 46)

No. of Sensitivity % No. of Sensitivity %
Dengue infection status positive tests (95% CI) positive tests (95% CI)
Bio-Rad Platelia Dengue NS1 Antigen ELISA 107 93.0 (86.8-97.0) 25 54.4 (39.0-69.1)
Bio-Rad Dengue NS1 Antigen Strip 104 90.4 (83.5-95.1) 22 47.8 (32.9-63.1)
PanBio Dengue Early ELISA 87 75.7 (66.8-83.2) 23 50.0 (34.9-65.1)

“Defined as either dengue RT-PCR and/or dengue IgM positive, and but IgG negative.
"Defined as having high levels (PanBio units >22) of dengue IgG antibody (hemagglutination inhibition titer of >2560) for sample collected

within the first 8 days of fever.

reported among adults, who are more prone to develop se-
vere complications, especially when associated with co-
morbid conditions such as diabetes and hypertension (Lee
et al. 2006).

Currently, there is no single diagnostic assay that can ac-
curately detect dengue throughout the acute and convales-
cence phases. The performance of all available methods varies
depending on the duration of clinical disease. It is thus im-
portant to determine the performance of individual tools
within the course of illness, as the right tools should be de-
ployed at the right time to ensure the maximal diagnostic
capability among individuals. This is the first report on the
evaluation of all three commercial NS1 kits together with
other commonly used diagnostic tools at the primary
healthcare setting. Our study showed that NS1 detection was
the most sensitive test at the primary healthcare setting. Many
public health laboratories in Singapore, including EHI, have
long relied on RT-PCR technology for the diagnosis and ser-
otyping of DENV infections. Though highly specific and
sensitive, especially during the early phase of the clinical
disease, RT-PCR requires skilled personnel, sophisticated
equipments, and laboratory facilities. As the majority of pri-
mary healthcare settings in Singapore lack the opportunity to
perform RT-PCR, the routine diagnosis of dengue fever
mainly relies upon the rapid diagnostic test assays such as
PanBio Dengue Duo assay.

Our results showed that the sensitivity of RT-PCR tend to
decline after 3 days of the onset of fever, indicating that PCR
technology would be effective for dengue diagnosis only
during the very early stages of the disease. Moreover, dengue
IgM/IgG detection assays also showed low sensitivity
(<32.0%) for sera collected during the first 5 days of fever.
However, NS1 antigen detection assays showed consistently
high sensitivity of DENV detection among sera collected
within the first 6 days of fever. Based on these observations,
dengue NS1 antigen assays appeared to be an alternative to
RT-PCR and antibody testing in the routine diagnosis of
dengue in Singapore.

To further evaluate the suitability of dengue NS1 assays in
routine diagnosis of dengue fever in Singapore, we calculated
the sensitivity and DOR among 209 nonpaired, dengue-
suspected sera collected within 8 days of the onset of fever
(Table 2). DOR measures the odds of positivity in a disease
status relative to the odds of positivity in a nondiseased status
and thereby reflects the discriminatory power of diagnostic
test assays. DOR values range from 0 to infinity, with higher
values indicating better discriminatory test performance (Glas

et al. 2003). According to our analysis, the Platelia assay
achieved the highest sensitivity (81.7%), followed by NS1 Strip
(78.9%) and Dengue Early assays (67.0%). The sensitivity of
both the Platelia and NS1 Strip assays was even higher than
that of RT-PCR (72.5%) among the test sera. This is mainly
because approximately 95% of patients suspected of having
dengue, in Singapore, seeks treatment from the general prac-
titioners around 3.49 days (95% CI: 0.95-6.03) after the onset of
fever. Similar to sensitivity data, NS1 assays demonstrated high
discriminatory power. On the other hand, antibody detection
assays, though very commonly used worldwide, achieved a
sensitivity of only 50% among the samples. Serological dengue
testing also faced some problems with a small percentage of
secondary dengue-infected samples with low or no detectable
dengue IgM (Kuno et al. 1991, Ruechusatsawat et al. 1994).
Thus, a surveillance system that relies on IgM detection is not
likely to reflect the transmission dynamics of the disease.

Further, performance of the Platelia and NS1 Strip assays
demonstrated no significant difference in the sensitivity of
detecting DENV-1, DENV-2, and DENV-3. Dussart et al.
(2006) reported a similar finding for the performance of
the Platelia Dengue NS1 Antigen ELISA assay. Though our
analysis showed reduced sensitivity of Dengue Early assay
for the detection of DENV3 serotype, more samples are nee-
ded to confirm this observation.

Our observation of a reduced sensitivity of NS1 assays for
secondary dengue infections is in agreement with previous
findings (Koraka et al. 2003, Kumarsamy et al. 2007, Blacksell
et al. 2008). The possibility of anti-NS1 antibodies resulting
from a previous infection in quenching the NS1 antigen of a
current infection has been discussed to explain this observa-
tion (Valdes et al. 2000, Libraty et al. 2002, Koraka et al. 2003).
Nevertheless, NS1 assay was found to have around 50%
sensitivity among secondary dengue infections in Singapore,
where approximately 45% of dengue cases are secondary in-
fections (Low et al. 2006). A factor that may influence the
performance of NS1 assays would be the composition of
Primary and Secondary dengue infections and health-seeking
behavior of patients. Studies from various populations are
needed for a comprehensive understanding of the perfor-
mances of NS1 assays.

In comparison with the ELISA-based formats of NS1 assay,
NS1 Strip assay has more favorable design characteristics
such as ease of use, possibility of testing individual sample,
rapidity, and minimal requirement of laboratory equipments.
It also performed comparably to the ELISA-based NS1 assays.
When comparing rapid tests, NS1 Strip assay was 23 times
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more discriminatory than PanBio Dengue Duo rapid diag-
nostic test in determining DENYV infection in test sera.

Based on these findings, medical practitioners in Singapore
are encouraged to request assays for dengue NSI for patients
within 5 days of fever onset and IgM assays for those beyond
the fifth day after fever onset. This strategy would achieve an
improved sensitivity of 87.2% in detection of dengue infection
(sensitivity of dengue NS1 assay: 86.5%; sensitivity of IgM:
90.0%). However, RT-PCR continues to play a significant role
in serotyping and virological surveillance of DENV (Ng et al.
2007). Our study demonstrates the advantage and importance
of a comprehensive, local evaluation before applying any
commercial diagnostic test in a clinical setting.
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