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Dengue detection strategies involve viral RNA, antigen, and/or antibody
detection. Each strategy has its advantages and disadvantages. Optimal, user-friendly,
rapid diagnostic tests based on immunochromatographic assays are pragmatic point-ofcare tests (POCTs) in regions where dengue is endemic where there are limited laboratory capabilities and optimal storage conditions. Increasingly, there is a greater public
health signiﬁcance for a multiplexing assay that differentiates dengue from Zika or
pathogens with similar clinical presentations. Although there have been many assay/
platform developments toward POCTs, independent validation and implementation remain very limited. This review highlights the current key progress and challenges toward
the development of a dengue POCT.
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DENGUE EPIDEMIOLOGY AND CLINICAL SEVERITY
engue is the most prevalent arboviral disease in humans, with 3.6 billion people
living in areas with a signiﬁcant risk of disease transmission and an estimated 390
million dengue virus infections and 96 million dengue cases annually (1). Dengue is
endemic in the tropical and subtropical regions of the world due to the adaptability
of Aedes mosquitoes in the human living environment. Due to global warming and
climate change, a geographic expansion of the dengue epidemic beyond tropical
regions has been observed (2). Dengue is caused by infection with the dengue virus
(DENV), which belongs to the family Flaviviridae and genus ﬂavivirus. There are four
antigenically distinct serotypes of dengue virus (DENV-1, DENV-2, DENV-3, and DENV-4),
which may cocirculate in these regions where the dengue is hyperendemic. Rapid
urbanization over the past decades has facilitated endemicity, as dengue is predominantly found in semiurban and urban areas (3). Dengue virus infection was predominantly a pediatric disease in Southeast Asia and western Paciﬁc regions (4), where
children of less than 15 years of age were at a higher risk of infection and dengue
hemorrhagic fever (DHF) than adults (5). However, over the years, there has been a
gradual increase in reports of dengue among older children and young adults age 15
years and above in Singapore (6–8), Vietnam (9), and Thailand (10–13).
Dengue fever (DF) causes a wide spectrum of presentations ranging from mild
self-limiting illness to severe disease. Based on the 1997 WHO dengue classiﬁcation,
patients presenting with all four criteria of fever, hemorrhagic diathesis, thrombocytopenia, and evidence of plasma leakage will be classiﬁed as having DHF, or dengue
shock syndrome (DSS) if they present with symptoms of shock. The WHO modiﬁed the
severity classiﬁcation in 2009 into dengue, dengue with warning signs, and severe
dengue (14). Seven warning signs were introduced to assist clinicians in the triage of
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FIG 1 Schematic proﬁles of dengue viremia, NS-1, and anti-dengue IgM and IgG in blood during primary and
secondary dengue infections over time.

patients who need inpatient care and/or closer monitoring. However, the diagnosis
of dengue virus infections cannot rely solely on clinical manifestations, since many
patients are either asymptomatic or present with a nonspeciﬁc fever requiring a
differential diagnosis to distinguish exposure to DENVs from other febrile episodeinducing diseases. Therefore, rapid, accurate, relatively low-cost diagnostic tools for
DENV are critical for the conﬁrmation of suspected clinical cases, which in turn, is the
key to effective disease management and control, especially in developing countries
with limited and inaccessible health care resources. With more large outbreaks in the
developing countries, the development of a reliable and accurate point-of-care test
(POCT) for dengue detection remains an urgent task (15, 16).
As recommended by the WHO Special Programme for Research and Training in
Tropical Diseases (TDR) (17), the speciﬁcations of an ideal dengue test are that it should
(i) distinguish between dengue and other diseases with similar clinical presentations
(such as malaria, chikungunya, and other ﬂaviviruses), (ii) be highly sensitive, (iii)
provide rapid results, (iv) be inexpensive, (v) be easy to use, and (vi) be stable at
temperatures above 30°C for usage in the ﬁeld and in primary health care settings,
usually with very limited/no optimal storage options. Dengue nucleic acid ampliﬁcation
tests (NAAT), including PCR, serologic tests, including nonstructural protein (NS1)
antigen tests, and antibody tests by enzyme-linked immunosorbent assay (ELISA) or
immunochromatography are some of the recent advances in laboratory medicine.
Some of these modalities have been developed as POCTs, allowing for rapid identiﬁcation of patients with dengue virus infection in different settings. However, some
technologies are still in the development phase in the laboratory setting. This review
aims to highlight the current progress and challenges in dengue POCT development
using key examples.
PROGRESS AND CHALLENGES IN THE DEVELOPMENT OF DENGUE VIRAL RNA
DETECTION ASSAYS FOR POCT
Dengue viral RNA can be detected using NAAT or PCR on tissues, whole blood, or
sera taken from patients in the acute phase of the disease (Fig. 1), likely with undifferentiated fever. Various protocols have been developed that identify DENV using
primers directed to serotype-speciﬁc regions of the genome (18). However, reverse
transcriptase PCR (RT-PCR) is usually limited by a long processing time of about 2 h or
more, the need for reasonable copies of viral load for ﬁrst ampliﬁcation (not suitable for
patients presenting for more than 7 days), and multiple heat denaturation steps for the
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cycling of DNA synthesis. Moreover, most RT-PCR detection assays rely heavily on a
high precision thermocycler, which is expensive and bulky and not practical as a POCT.
Recently, a novel, inexpensive, and user-friendly diagnostic assay based on a reverse
transcription-insulated isothermal PCR (RT-iiPCR) method (19) was developed and
validated to detect all four serotypes of DENV in clinical samples without an expensive
thermocycler (20). This technology involves a ﬂuorescent probe hydrolysis-based iiPCR
for ampliﬁcation and detection of nucleic acid. The iiPCR is highly sensitive and speciﬁc
for the detection of both DNA and RNA. This assay could be performed with a single
heating source with Rayleigh-Bénard convection driving the ﬂuid cycling through
temperature gradients. The three PCR steps, namely, denaturation, annealing, and
extension, can be completed at different zones within the capillary tube. The integration of an optical detection module in the device allows automatic detection and
interpretation of iiPCR results. The diagnostic sensitivity and speciﬁcity of the pan-DENV
RT-iiPCR with a portable POCKIT nucleic acid analyzer (GeneReach USA, Lexington, MA,
USA) were 90.5% and 98.3%, respectively, compared to the results of a CDC multiplex
DENV-1 to DENV-4 quantitative RT-PCR (qRT-PCR) assay as controls (Table 1). This new
RT-iiPCR POCT, with lyophilized reagents, can provide a highly reliable, sensitive, and
speciﬁc point-of-care diagnostic assay for the diagnosis of DENV in provincial clinics
and hospitals in developing countries with no or limited accessibility to laboratory
capabilities. However, a limited number of samples (approximately eight samples) can
be processed at one time, which may not be cost- and time-effective during an
outbreak setting. Furthermore, there is a lack of differentiation of dengue serotypes and
other ﬂaviviruses that may be endemic in the geographical areas of interest for
surveillance purposes.
Another advanced technique, known as reverse transcription-loop-mediated isothermal ampliﬁcation (RT-LAMP), has been developed (21) to combine the multiple
processes of conventional PCR to detect RNA viruses into a one-step process for POCT
development. The sample is mixed with the primers, reverse transcriptase, and DNA
polymerase before the reaction takes place under a constant temperature in a simple
heat block with a level of precision similar to that of conventional PCR. An NS1
serotype-speciﬁc RT-LAMP assay has been validated for the rapid detection and differentiation of dengue virus serotypes via the NS1 genomic region (22). This assay
provides sensitivity and speciﬁcity of 94.6% and 100%, respectively (Table 1). To
facilitate the ﬁeld application of the RT-LAMP assay, monitoring of ampliﬁcation can be
done visually with an unaided eye after adding SYBR green I intercalating dye to the
reaction mix. A positive reaction turns the reaction mixture green under white light,
which ﬂuoresces under UV irradiation. The reaction mix remains orange and nonﬂuorescent in the absence of ampliﬁcation. This change of color is permanent and thus can
be kept for record purposes. A similar assay using LAMP with additional multiplexing
capability was also developed and validated, with close to 100% sensitivity and
speciﬁcity for differentiating dengue virus from other common ﬂaviviruses (15) (Table
1). However, it is not clear if the necessary reagents can be stored for a prolonged
period of time in the ﬁeld without a refrigerator.
With the increasing importance of differentiating dengue virus from other ﬂaviviruses, there is an increasing number of assays developed and validated for detecting
and differentiating dengue viral RNA from other diseases with similar clinical presentations, such as Zika (16, 23), chikungunya (16, 23–28), malaria (28), and those from
other ﬂaviviruses (15). Of signiﬁcant interest to the recent Zika outbreak, a one-step
multiplex RT-PCR assay using clinical samples from patients in Canada (16) and Nicaragua (23) (Table 1) was highly sensitive and speciﬁc for differentiating dengue from
Zika and chikungunya. Besides the common one-step multiplex real-time RT-PCR
technology to identify and differentiate dengue from other common pathogens, a
microﬂuidic lab-on-chip integrating multiplex molecular ampliﬁcation with DNA microarray hybridization was also developed and validated for the simultaneous detection
and species differentiation of 26 globally important tropical pathogens (28) (Table 1). Its
performance is comparable to those of the other one-step multiplex real-time PCR
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Dengue
Chikungunya
Dengue

Dengue

HIV
Hepatitis B virus
Hepatitis C virus
Dengue virus
West Nile virus
Dengue
Chikungunya
Plasmodium falciparum
Plasmodium vivax

Cecilia et al. 2015 (27)

Neeraja et al. 2015 (22)

Nyan et al. 2015 (15)

GAG
P and S gene
5= NCR
3= NCR
5= NCR

bRT-iiPCR,

untranslated region; NCR, noncoding region; NS, nonstructural protein.
reverse transcription-insulated isothermal PCR.
cRT-LAMP, reverse transcription-loop-mediated isothermal ampliﬁcation.
dAg, antigen.

aUTR,

Tan et al. 2014 (28)

106 positive, 30 negative
21 positive, 21 negative
51 positive, 21 negative

Chikungunya

Chen et al. 2015 (26)

NS1

47 positive, 30 negative

Conserved 3=
UTR

Dengue

Go et al. 2016 (20)

148 positive, 102 negative
6 positive, 52 negative
9 positive, 52 negative
10 positive, 52 negative
5 positive, 52 negative
7 positive, 52 negative
20 positive, 150 negative
30 positive, 140 negative
77 positive, 93 negative
23 positive, 147 negative

92 positive, 158 negative

140 positive, 160 negative
138 positive, 162 negative

147 positive, 118 negative

40 positive, 10 negative
19 positive, 20 negative

3= UTR

Chikungunya
Dengue

Simmons et al. 2016 (25)

57 positive, 24 negative
75 positive, 107 negative

nsP2

Chikungunya
Dengue

125 positive, 91 negative
58 positive, 158 negative

Chikungunya
Dengue

2 positive, 13 negative
43 positive, 89 negative

26 positive, 107 negative

nsP4
3= UTR

Chikungunya
Dengue

No. of samples
13 positive, 66 negative

Zika

Targeta
NS5

Virus type
Zika

Microﬂuidic lab-on-chip
integrating multiplex
molecular ampliﬁcation
and DNA microarray
hybridization

RT-LAMP plus NS1
Multiplex ﬂuorogenic LAMP
assay

Agd

One-step multiplex real-time
RT-PCR (ABI), TaqMan
probes (ABI), 70 min (ABI
7500)
NS1-speciﬁc RT-LAMPc assay,
70 min

Single-reaction one-step
qRT-PCR (Life Tech.),
TaqMan probes
(Biosearch), 65 min (ABI
7500)
Single-reaction one-step
qRT-PCR (Life Tech.),
TaqMan probes
(Biosearch), 65 min
(CFX96 Bio-Rad)
One-step multiplex RT-PCR,
TaqMan probes (ABI), 70
min (ABI 7500DX)
RT-iiPCRb (with POCKIT
nucleic acid analyzer)
One-step qRT-PCR, SYBR
green I probes (ABI); 90
min (StepOnePlus)

Technology type, estimated
processing time (platform)
One-step rRT-PCR, TaqMan
probes (ABI), 35min (ABI
7500)

Serum

Plasma

Serum, plasma

Serum

Plasma

Serum

Serum

Serum

Serum, plasma,
urine
Serum
Serum, plasma

Sample type

Microscopy

RT-PCR

NS1 RT-PCR
NS1 Ag,c Panbio Den
early ELISA
IgG-IgM capture ELISA,
Panbio
CDC real-time PCR assay
FDA-approved Procleix
test (59)

DENV NS1 antigen rapid
test, qRT-PCR
RT-PCR, CHIKV envelope
glycoprotein 1 (E1)
gene (56)
RT-PCR (57)
Conventional RT-PCR
assay (58)

Virus isolation in Vero
cells

rRT-PCR (54)
Heminested RT-PCR
(55), IgM MAC-ELISA
or inhibition ELISA

RT-PCR by CDC, Atlanta,
USA (53)
RealStar chikungunya
RT-PCR kit and
dengue RT-PCR kit
2.0 from Altona
Diagnostics,
Hamburg, Germany
RT-PCR by CDC, Atlanta,
USA (53)
Pan-DENV-CHIKV-rRTPCR (24)

Gold standard used
(reference)

100
97
100
100
100
100
85
90
83.1
91.3

62.2

100
100
100
100
100
100
100
100
100
99.3

100

100
100

100
100
100

100
95.8
100

94.6
93.2

100

98.3

100
100

100
93

96

90.5

100
95

100
99

75
97

71

96
90
95

100
100

Speciﬁcity
(%)
100

100
98

Sensitivity
(%)
77
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assays, and at the same time, provides higher conﬁdence for clinical diagnosis by
eliminating many other pathogens with similar clinical presentations, albeit at an
operating cost that is likely much higher.
There are two main challenges in the application of dengue viral RNA POCTs,
namely, sample processing and nuclei acid extraction. A number of studies have been
reported for plasma separation based on the mechanisms of size exclusion, hydrodynamic forces, or microchannel geometry. Although these approaches can extract
plasma from unprocessed whole blood without using a centrifuge, they still require the
use of an external instrument (either a pump or a vacuum), and involve low-volume
blood processing, hemolysis, dilution of blood, or cell contamination (29). Increasingly,
paper-based platforms for sample pretreatment were developed. These include processes for sample collection and storage, separation, extraction, and concentration.
Brieﬂy, a piece of polyethersulfone (PES) ﬁlter paper is attached to a cellulose absorbent
pad for capillary force movement of the sample. For nucleic acid extraction, specimens
are lysed and then added to the PES ﬁlter paper. RNA is isolated on the PES ﬁlter paper
and subsequently puriﬁed by rinsing with ethanol. This extraction method is easy and
rapid, providing a centrifugation-free method for nucleic acid extraction outside laboratory settings, which, as demonstrated, can be coupled with loop-mediated isothermal
ampliﬁcation (LAMP) and lateral ﬂow strips for ampliﬁcation and detection, respectively
(30). In addition, due to the signiﬁcantly low viral genomic concentrations at the later
stages of infection (usually 7 days postinfection), viral POCTs may be limiting, and
serology with antigen-speciﬁc tests will be necessary to achieve accurate dengue
diagnosis.
PROGRESS AND CHALLENGES IN THE DEVELOPMENT OF DENGUE ANTIGEN
DETECTION ASSAYS FOR POCT
Nonstructural (NS) 1 protein is a highly conserved 46- to 55-kDa glycoprotein that
is critical to form the dengue virus particles. NS1 is eventually secreted as a soluble
hexamer from DENV-infected cells and circulates in the bloodstream of infected
patients. During the viremia phase of dengue virus infection, NS1 antigen is produced
concomitantly during the virus replication process and is likely to be present in the
bloodstream 2 to 3 days longer after the viremia phase. In addition, the fact that NS1
is more stable than viral RNA, makes NS1 antigen a more common target for detection
during outbreak in the ﬁeld (Fig. 1). The detection of NS1 antigen has been used to
rapidly diagnose acute dengue (31). A number of commercially available NS1 ELISAs
and lateral ﬂow rapid tests are available, and these tests required approval by the FDA
or CE before they can be used for diagnostic purposes. There has been various studies
comparing these POCT kits with different reference tests, with sensitivities ranging
widely from 18.6 to 96.9% and speciﬁcities ranging from 53 to 100% (32–39) (Table 2).
One study in Malaysia reported that the SD dengue NS1 Ag ELISA kit produced by
Standard Diagnostics, Inc., South Korea, has a higher sensitivity of 77% and a speciﬁcity
of 98% (39) compared to another study which reported that the SD Bioline dengue Duo
(IgG/IgM ⫹ NS1 Ag) test has a sensitivity of 30.8% and a speciﬁcity of 73.3%. However,
it should be emphasized that ELISAs use serum samples that would still require a
laboratory to process. As a result, this would take a much longer time for diagnosis than
the SD Bioline dengue Duo test to guide clinical management in an outbreak.
One of the challenges of antigen-based assays is the ﬂuctuation of NS1 antigenemia
levels throughout the course of illness. A decrease in NS1 levels occurs earlier in
secondary infections (40), leading to an overall lower antigen-based test sensitivity
when used in isolation. The sensitivities of these POCTs also vary according to serotypes, with DENV-1 being the most sensitive and DENV-4 being the least (41). A
false-positive rate of 8.1% for NS1 POCT has been reported in a study that involved 148
samples (33). In that study, false-positive results were observed in patients with other
viral and bacterial infections, as well as in healthy donors. False-positive results for
DENV NS1 have also been reported in patients with Zika virus infection (42). Concurrent
ﬂavivirus infections are more likely to result in false positives as the IgG antibodies used
December 2017 Volume 55 Issue 12
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TABLE 2 Summary of recent key developments in dengue antigen detection assays

SD Bioline (36)
SD Bioline (37)
SD Bioline (38)
SD Bioline (43)
SD Bioline (43)
J. Mitra (37)
Reckon (37)
aRT-PCR,

Reference testa
Virus isolation
Paired IgM, IgG ELISA
Virus isolation
Virus isolation
RT-PCR
Paired IgM, IgG ELISA
ELISPOT-MNT
ELISPOT-MNT
Virus isolation
Paired IgM, IgG ELISA
RT-PCR

Study type, sample type
Retrospective, plasma, serum
Retrospective, serum
Retrospective, serum
Retrospective, serum
Prospective, serum
Retrospective, serum
Prospective, serum
Prospective, serum
Retrospective, plasma, serum
Retrospective, serum
Prospective, serum

ELISA
CRC
WHO-based composite
standard
In-house ELISA
In-house ELISA
CRC
CRC

Retrospective, serum
Prospective, serum
Prospective, blood
Retrospective, urine
Retrospective, saliva
Prospective, serum
Prospective, serum

Prevalent
serotype(s)
1, 4
1,2
1, 4
1, 4

Days of
illness

1, 2

1, 4
1, 2
2

1–5

2, 1
1
1

4–7
4–7

Sensitivity
(% [no./total no.])
79.1 (121/153)
56.5 (135/239)
76.5 (52/68)
71.9 (110/153)
96.9 (62/64)
44.8 (107/239)
53.9 (14/26)
30.8 (8/26)
72.4 (110/152)
55.2 (132/239)
96.2 (58/59)
98.3 (142/185)
90 (81/90)
20.9 (27/132)
81.6 (120/147)

Speciﬁcity
(% [no./total no.])
100 (0/40)
100 (387/387)
97.4 (1/38)
95 (2/40)
53 (16/30)
93.2 (361/387)
80 (12/15)
73.3 (11/15)
100 (0/40)
98.6 (382/387)
72.9 (326/339)
76.8 (142/185)
99.2 (247/249)
97.3 (145/149)
98 (49/50)

21.5
33.9
27.1
18.6

100 (25/25)
84 (21/25)
92.5 (138/149)
96.6 (144/149)

(17/79)
(20/59)
(35/132)
(24/132)

real-time PCR; CRC, composite reference criteria consisting of clinical and laboratory features and exclusion of other etiologies that present similarly (37).

to detect the dengue NS1 protein can cross-react with NS1 proteins of other viruses.
This may result in an overestimation of the burden of dengue. As such, in areas where
ﬂaviviruses are endemic, it would be a good practice to perform PCR for DENV
conﬁrmation after patients are identiﬁed by screening with the NS1 protein detection
POCT.
Of some interest is the use of urine and saliva samples for immunochromatographic
POCT kits to detect dengue NS1 protein (43). Although the reported sensitivity is low
(15 to 20%) in both urine and saliva samples to detect NS1 protein using POCT, it is as
good as the in-house ELISAs with a kappa coefﬁcient of 0.88. The sensitivity for both
urine and saliva samples is higher from samples collected at approximately day 4 to 7
postfever than in those collected the ﬁrst 3 days postfever. The utility of urine and saliva
samples for POCT may not be applicable for early dengue diagnosis, but these samples
will be very useful in situations when blood cannot be drawn readily for surveillance
and outbreak monitoring purposes (44).
With increasing importance for multiplexing to accurately diagnose diseases that
present common symptoms, such as the symptoms of malaria and dengue fever,
three-dimensional, paper-based microﬂuidic devices, combining the advantages of
lateral ﬂow with vertical ﬂow of ﬂuids between multiple layers, have the potential to
fulﬁll this need. Recently, a multiplex, patterned paper immunoassay for the detection
of biomarkers (antigens) of malaria and dengue fever, namely, malaria HRP2, malaria
pLDH, and dengue NS1 type 2, was developed but has yet to be clinically validated (45).
It showed comparable performance between the singleplex and multiplex platformbased immunoassays. Additionally, it demonstrated high speciﬁcity in clinical blood
samples. These suggest multiplex paper-based devices can be an essential component
of diagnostic assays used at the point-of-care in the near future, particularly in areas
where malaria and dengue fever are endemic, to determine the cause of undifferentiated febrile illness.
PROGRESS AND CHALLENGES IN THE DEVELOPMENT OF ANTI-DENGUE
ANTIBODY DETECTION ASSAYS FOR POCT
Serological testing is widely adopted for the diagnosis of dengue, particularly in
developing countries. This is largely due to the ease of use compared with techniques
such as cell culture or RNA detection. During a primary dengue virus infection, the IgM
response is typically of a higher titer and more speciﬁc than during secondary infecDecember 2017 Volume 55 Issue 12
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Company
(reference)
Bio-Rad (32)
Bio-Rad (33)
InBios (32)
Panbio (32)
Panbio (34)
Panbio (33)
Panbio (60)
SD Bioline (60)
SD Bioline (32)
SD Bioline (33)
SD Bioline (35, 39)
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tions. The titer of the IgG response is usually higher after the second week of illness
than the ﬁrst week of illness. During secondary infection, the IgG response usually
increases more rapidly in the ﬁrst week of illness than during primary infection (Fig. 1).
The IgG antibodies are also more cross-reactive against other ﬂaviviruses, known as the
neutralizing heterotypic antibodies, which confer some level of cross-protection over a
short period of time compared with the neutralizing homotypic antibodies, which
confer lifelong protection against the speciﬁc dengue virus serotype (46). In contrast,
cross-reactive but nonneutralizing antibodies may lead to increased disease severity
due to the phenomenon of antibody-dependent enhancement (47).
Traditionally, hemagglutination inhibition (HAI) assays and neutralization tests (NTs)
have been used for dengue diagnosis down to the serotype level. However, these
methods are time consuming, labor intensive with low throughput, and are not
cost-effective. Several commercially available laboratory-based IgM and IgG ELISA kits
are also available and have sensitivities ranging from 21% to 99% and from 8% to 89%,
respectively, and speciﬁcities ranging from 52% to 100% for IgM and 63.5% to 100% for
IgG, compared with gold standard laboratory-based ELISAs (18). With advances in
technology development, the ELISA, especially M antibody capture (MAC)-ELISA, signiﬁes the most important advance for IgM detection for routine dengue diagnosis. The
MAC-ELISA is based on detecting IgM in serum using human-speciﬁc IgM that is bound
to the solid phase. MAC-ELISAs are frequently run as a nonquantitative single dilution
test, and positive results are commonly reported as a “recent ﬂavivirus infection.”
However, because IgM circulates for up to 3 months or longer, its presence might not
be diagnostic of a current illness. To diagnose a current dengue virus infection, the
demonstration of a seroconversion or at least 4-fold changes in antibody titers in paired
sera is required. In areas where dengue is not endemic, IgM-based assays can be used
in clinical surveillance for viral illness or for random population-based serological
surveys, with the likelihood that any positive results detected indicate recent infections
(within the past 2 to 3 months).
Several rapid IgM-based dengue diagnostic tests have also been developed as a
quick and easy method for use at the point of care and exist in different formats,
including particle agglutination and lateral-ﬂow immunochromatographic strips, with
or without plastic cassettes. Most of these tests use recombinant antigens from all four
dengue virus serotypes, and the results are available within 15 to 90 min. Several
studies have evaluated these commercially available rapid IgM- and IgG-based kits and
have been reviewed recently (18). The IgM- and IgG-based kits have sensitivities
ranging from 53% to 82% and from 62% to 89%, respectively, and speciﬁcities ranging
from 75% to 100% and 67% to 95%, respectively, compared with gold standard
laboratory-based ELISAs. Even though the rapid tests’ performances are not as sensitive
and speciﬁc as those of ELISAs, the performance is still acceptable, with results available
in a short time frame without laboratory requirement. Recently, a novel lateral-ﬂow
assay scheme that uses two-color latex labels for rapid multiplex detection of IgG/IgM
antibodies to DENV and chikungunya virus in 10 min was reported by Lee et al. (48)
(Table 3). With further clinical validation performed, this assay has signiﬁcant potential
as a POCT for the differential diagnosis of numerous pathogens of interest analyzed
quantitatively in an automated point-of-care setting. Another novel integrated device
was reported to detect and interpret the ELISA results on a portable lab-on-compactdisc (LOCD) platform by Thiha et al. (49) (Table 3). The system applies absorption
spectrophotometry to measure the absorbance (optical density) of the sample using a
monochromatic light source and an optical sensor. The device allows automated
analysis of the results in a quantitative manner, with 95% sensitivity and 100%
speciﬁcity (Table 3) in dengue virus detection compared with gold standard commercial ELISA microplate readers.
The biggest challenge for the application of IgM- and IgG-based assays is in areas
where there are other ﬂaviviruses circulating throughout the year. The IgM- and
IgG-based assays may not be able to diagnose dengue accurately because of the
cross-reactivity of antibodies against ﬂaviviruses. Recently, an immunoassay was dejcm.asm.org 3345

Dengue
Tick-borne
encephalitis
Dengue
Zika
Dengue and Zika

bELISA,

envelope protein; NS, nonstructural protein.
enzyme-linked immunosorbent assay.
cPRNT, plaque reduction neutralization test.

aE,

Wong et al. 2017 (51)

Wang et al. 2015 (50)

Virus type
Dengue
Chikungunya
Dengue

NS1
NS1
NS1

E
E

E2

Antigen
useda

9 positive, 7 negative
42 positive, 7 negative
95 positive, 7 negative

24 positive
15 positive

21 positive, 43 negative

No. of samples

Microsphere
immunoﬂuorescence
assay, 4 h

Technology type,
estimated processing timeb
Two-color lateral ﬂow
multiplex assay, 10 min
Fully automated and smart
point-of-care colorimetric
ELISA
Multiplex ELISA-based
protein array
Serum

Serum

Retrospective, plasma,
serum

Study and or sample
type
Serum

PRNT and IgM-capture
ELISA

Conventional ELISA

SD IgG capture
ELISA kit

Gold standardb,c
No clinical validation

89
100
96 (dengue),
100 (Zika)

95.8
73.3

Sensitivity (%)
No clinical
validation
95.2
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TABLE 3 Summary of recent key developments in anti-dengue antibody detection platforms
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veloped and validated by Wang et al. (50) (Table 3) that simultaneously measures
multiple antigen–antibody reactions. This ELISA-based microarray is emerging as a
strong candidate platform for multiplex protein analysis due to its high-throughput
potential, assay sensitivity and stringency, ease of handling, and low sample volume
demand compared with conventional ELISA, and it provides signiﬁcant clinical value.
The platform was based on an indirect ELISA, and 15 antigens were constructed for
speciﬁc antibody detection against ﬁve Flaviviridae viruses (Japanese B, tick-borne
encephalitis, West Nile, dengue, and yellow fever viruses) and four serotypes of dengue
virus. Dengue virus was detected with a sensitivity and speciﬁcity of 95.8% and 100%,
respectively (Table 3). Additionally, a multiplex microsphere immunoassay (MIA) that
captures the diagnostic power of detecting the viral envelope protein (that elicits
robust yet cross-reactive IgG antibodies to other ﬂaviviruses) and the differential power
of detecting viral nonstructural proteins NS1 and NS5 (that induce more virus-typespeciﬁc IgG antibodies) was developed and validated by Wong et al. for differentiating
dengue and Zika viruses (51) (Table 3). The sensitivity and speciﬁcity for detecting
dengue virus are 89% and 86%, respectively, while those for detecting Zika virus are
100% and 86%, respectively (Table 3). In addition, it is capable of detecting coinfection
with a sensitivity and speciﬁcity of 96% and 86%, respectively. This technology may be
further enhanced to include other ﬂaviviruses that may be endemic with dengue virus
in different parts of the world.
THE FUTURE OF DENGUE POINT-OF-CARE DIAGNOSTIC ASSAYS
Ideally, dengue should be diagnosed at the primary level of care and during the
early undifferentiated febrile phase. Regardless of the detection strategies, multiplexing
technology should be the ultimate way forward for dengue POCT, especially in tropical
countries where pathogens, especially ﬂaviviruses, resulting in similar clinical presentations are prevalent. Multiplexing capability provides a higher conﬁdence level of
diagnosis when other pathogens of concern can be ruled out. It is likely to be more
cost-effective to achieve the ﬁnal diagnosis in the shortest time possible for prompt
clinical management. However, it is always a challenge to balance between maximizing
sensitivity/speciﬁcity of each pathogen and the multiplexing capabilities. Moreover, for
serological assays, dengue diagnosis can be confounded by the cross-reactivity of IgG
antibodies if other ﬂaviviruses are endemic. Future effort should be focused on identifying speciﬁc epitopes minimizing cross-reactivity, particularly in a setting where
patients usually present late and the viremia is not detectable for a viral genomic assay.
Ideally, multiplex POC NAAT-IgM test combinations using whole blood, in a minimally
powered system with high connectivity, will enhance patient management in a primary
health care setting.
There is a critical need to have a set of well-characterized dengue biological
samples, which can include blood, urine, plasma and saliva, for a systematic comparison
among the different POCTs for evaluation, auditing, or licensing purposes. In addition,
with the differences in environmental factors and users’ performances in different
settings, the performance of a newly developed POCT should be validated with an
independent set of clinical samples to ensure the optimal accuracy of dengue diagnoses and compared with a set of dengue-positive control samples.
There is no doubt of the need for speciﬁc, inexpensive dengue POC diagnostic tests
that can be used for clinical management, surveillance, and outbreak investigations and
that permit early intervention to treat patients and prevent or control epidemics,
particularly in developing countries. However, there is a signiﬁcant gap between the
development and the implementation of these POCTs in developing countries. This is
largely due to the fact that market incentives are usually small, especially for small and
medium enterprises pursuing this area of research and development. As a result, there
is a lack of awareness on the availability of these POCTs, which is critical for implementation in the primary health care setting (52). There is a critical need for more
evaluation studies to be conducted in a well-coordinated multicountry trial, with the
establishment of a strong laboratory network and reference center, based on recomDecember 2017 Volume 55 Issue 12

jcm.asm.org 3347

Minireview

Journal of Clinical Microbiology

mendations from WHO (17), to address the generalizability and cost-effectiveness of
using the commercial POCTs of interest. In addition, a stronger private–public partnership has to be fostered in order to materialize these evaluations to generate sufﬁcient
evidence for future development of POCT application guidelines for dengue diagnosis.
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