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Abstract
Background: Globally, dengue is one of the most important mosquito-borne viral diseases. Lack of
effective vaccines and speci�c therapy against the disease threaten global health. Reliance on clinical
diagnosis is complex due to clinical manifestations which resemble other diseases. This review
examined various challenges of current dengue laboratory diagnoses, emerging technological
opportunities and highlights considerations for future dengue diagnoses. Methods: A literature search
from PubMed, Web of Science and Google Scholar databases was done from October 2018 to January
2019. Thematic descriptive analysis was done for all qualitative data and quantitative data analysis for
computation of sensitivity and speci�city of selected diagnostic tests at 95% con�dence was done using
R software (v3.4.4, mada package). The results: A total of 128 articles was reviewed. The current dengue
laboratory diagnoses include (i) virus isolation (ii) detection of nucleic acid (iii) detection of non-structural
protein 1(NS1) antigen and (iv) detection of anti-dengue antibodies. Assessment of diagnostic
performance shows that reverse transcription-polymerase chain reaction (RT-PCR) and IgM antibody
capture enzyme-linked immunosorbent assay (IgM ELISA) have high and consistent sensitivity (82.6% to
99.2% and 92.8% to 97.8%, respectively) and speci�city (78.8% to 100% and 80.3% to 99%, respectively)
compared to NS1 ELISA and NS1 commercial rapid tests with sensitivity (53.7% to 96.2% and 49.7% to
99.5%, respectively) and speci�city (34.5% to 93.8% and 63.8% to 98.6%, respectively). Major challenges
of dengue laboratory diagnosis include lack of reliable tests for routine purposes. Routine dengue tests
are mainly serological, which are not suitable for discriminating dengue virus from other infecting
�aviviruses due to cross-reactivity, narrow window of diagnosis due to short virus life cycle and
inconsistent performance of commercial rapid tests. New technologies such as biosensors and
nanobodies are being developed to improve sensitivity, speci�city, detection time and reduce the cost.
However, the performance of these new tools under �eld condition is unknown. Conclusion: Currently, RT-
PCR and IgM ELISA are the most sensitive and speci�c dengue diagnostic tests, despite their limitations.
Future research should explore emerging technologies to improve the sensitivity and speci�city of dengue
diagnostics.

Background
Dengue is the most important mosquito-borne viral disease in the world. It is an acute disease caused by
an RNA virus of the family Flaviviridae. The disease is transmitted between humans by Aedes
mosquitoes mostly Ae. aegypti and Ae. albopictus. There are �ve dengue virus serotypes (DENV-1, DENV-
2, DENV-3, DENV-4, and DENV-5) and all cause a range of clinical manifestations from mild fever to
severe infections [4]. Dengue is characterized by �u-like infection and affects individuals of all age
groups [6]. Its peak of transmission has been observed during the rainy season [7]. Severe cases are
presented with hemorrhage and organs impairment [58]. Diseases with similar clinical manifestations
that should be considered in the differential diagnosis include in�uenza, measles, chikungunya, zika,
rubella, rotavirus, malaria and typhoid infections.
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Over the past 50 years, dengue has spread worldwide with a 30-fold rise in incidence rate [1]. It is
estimated that 390 million cases of dengue occur each year with 96 million cases developing clinical
manifestations that attribute to 20,000 deaths [2, 3]. The disease is endemic in tropical and subtropical
regions of Asia, Africa, and America and its burden has greatly increased over the past two decades. It is
estimated that 3.9 billion people in more than 128 countries in the world are at risk of the dengue [13, 14].
WHO estimates that 50-100 million people are infected by dengue virus each year which results in
500,000 hospitalizations with a case fatality rate of 1% to 4% [15]. Though the actual burden of dengue is
not well known in many countries, it is estimated that the incidence of dengue ranges from 6-29% per
year [16]. Data from global electronic reporting system for disease outbreaks (ProMED-mail) [17] and
WHO disease outbreak news (DONs) [18] indicates that the burden of dengue cases is high in South East
Asia and America. Data (not shown) reported between 2008-2018 shows that a large number of dengue
cases (> 200,000) was reported in �ve countries; Sri Lanka, Malaysia, Colombia, Brazil and Paraguay
(Figure 1). The current global burden of dengue has been estimated to be 15.8 disability-adjusted life-
years (DALYs) per 100,000 person-years [19].

 

Dengue is associated with signi�cant health and economic impact in endemic settings [20, 21]. However,
poor surveillance and low diagnostic capacity of dengue in low and middle-income countries pose a
signi�cant diagnostic challenge [22, 23]. Moreover, lack of a licensed effective vaccine and speci�c
therapeutics against dengue, leave early diagnosis and vector control as the only available intervention
strategies [24, 25], which incidentally have not stopped its rapid emergence, re-emergence, and spread. In
order to reduce high morbidity and mortality rates due to dengue, several diagnostic methods have been
developed. These include dengue virus isolation in mosquito and mammalian cells, detection of dengue
virus nucleic acids and/or antigens and detection of anti-dengue IgM and IgG antibodies [10, 11]. Each of
these diagnostic approaches exhibits several challenges that limit their utility and effectiveness for
diagnosis of dengue virus infection. Detection of ribonucleic acid (RNA) by nucleic acid ampli�cation
method such as reverse transcription polymerase chain reaction (RT-PCR) is preferable for early diagnosis
of dengue virus infection because it is relatively speedy and exhibits good sensitivity and speci�city [12].
Nevertheless, the RT-PCR method requires serum samples collected within the �rst �ve days of infection,
high-cost reagents, laboratory facilities and technical training [10]. This review examined various
challenges of current dengue laboratory diagnoses, emerging technological opportunities and highlights
considerations for future dengue diagnostics.

Methods
Search strategy and selection process

A literature search of published articles was done in PubMed, Web of Science, and Google Scholar
databases from October 2018 to January 2019. The following key terms Dengue, dengue virus, dengue
fever, diagnosis, reverse transcription polymerase chain reaction, real-time reverse transcription
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polymerase chain reaction, immunoglobulin M, immunoglobulin G, non-structural protein 1, enzyme-
linked immunosorbent assay, rapid diagnostic test, virus isolation, hemagglutination inhibition tests,
immunohistochemistry, and emerging diagnostic technologies were used to identify relevant articles. An
example of search strategy for PubMed database is provided as supplementary material (S2). Additional
data and grey literature were collected from the World Health Organization (WHO), ProMED-mail and
Google electronic sources. Our inclusion criteria were the articles published in English describing the
diagnostic options for dengue without restriction to geographical scale, study design or study population.
As our interest was on emerging laboratory diagnostic innovations, only the articles published recently
within the past 10 years (2008 to 2018) were included in the study. We aimed to include mainly studies
describing the detection of non-structural protein-1 (NS1) antigen, Immunoglobulin M (IgM) and G (IgG)
antibodies against dengue virus, reverse-transcription polymerase chain reaction (RT-PCR) and/or virus
isolation/culture. In the selection process, titles and abstracts were initially examined against the
inclusion criteria, followed by full-text examination using pre-designed data extraction form built in the
spread sheet (Excel 2010, Microsoft Corp., and Redmond, WA, USA). The articles with any of these terms
were considered for further evaluation and data extraction described in the subsequent section. Back
referencing of included articles were examined as the potential sources of additional articles. The articles
identi�ed from search databases were �nally exported to Rayyan QCRI application software for duplicate
removal, screening of titles/abstracts and eligibility assessment [8] according to prede�ned
inclusion/exclusion criteria.

 

Data extraction

Data for eligible studies were extracted into spreadsheet (MS-Excel 2010, Microsoft Corp., and Redmond,
WA, USA) by one author and revised independently by another author. The following data; The
author/year of publication, study design, evaluated test, reference standard, sample size, absolute true
positive (TP), false negative (FN), false positive (FP) and true negative (TN) values were extracted from
selected original studies reported between 2008 and 2018. This period was selected because the majority
of studies that evaluated dengue diagnostic tests were reported and attempt to account for
recent/emerging innovation in the disease diagnoses. Another data on author/year of publication,
technology, biomarker, sample type, limit of detection, reference standard and the proposed application
was extracted for review of emerging diagnostic technologies for dengue virus infection.

 

Data analysis

Thematic descriptive analysis and synthesis were performed for all qualitative data and quantitative data
analysis to compute sensitivity and speci�city of selected diagnostic tests at 95% con�dence interval
were done in R software (v 3.4.4, mada package, and primary function madad).



Page 5/28

Results
Search results and characteristics of selected studies

Assessment of full-text articles identi�ed 128 articles for inclusion in the review. Of which 100 articles
(78.1%) were included in the thematic qualitative synthesis of the main review body and 28 (21.9%)
articles represented original studies selected for evaluation of sensitivity and speci�city from 10
prospective and 18 retrospective studies. In the prospective studies, the diagnostic performance of
reverse transcription polymerase chain reaction (RT-PCR) was evaluated in three studies (n=242 sera),
non-structural protein 1 enzyme-linked immunosorbent assay (NS1 ELISA) in four studies (n=544 sera),
non-structural protein 1 rapid test (NS1 RDT) in two studies (n=174 sera) and IgM antibody capture
enzyme-linked immunosorbent assay (IgM ELISA) in one study (n=863 sera). On the other hand, the
retrospective studies evaluated the performance of RT-PCR in eight studies (n=1365 sera), NS1 ELISA in
two studies (n= 1291 sera), NS1 RDT in four studies (n=904 sera), IgM ELISA in two studies (n=1324
sera) and IgM RDT in two studies (n=724 sera). The search and selection process of articles included in
the review is presented by PRISMA �ow diagram in Figure 2.

Dengue laboratory diagnoses

Results from the literature search identi�ed 51 articles which described 13 different laboratory diagnostic
options for dengue virus infection namely, virus isolation (2), reverse transcription polymerase chain
reaction (RT-PCR, n=16), reverse transcription loop-mediated isothermal ampli�cation (RT-LAMP, n=2),
nucleic acid sequence-based ampli�cation (NASBA, n=2), Reverse transcription recombinase polymerase
ampli�cation (RT-RPA, n=1), non-structural protein 1 enzyme-linked immunosorbent assay (NS1 ELISA,
n=9), non-structural protein 1 rapid test (NS1 RDT, n=6), IgM antibody capture enzyme-linked
immunosorbent assay (IgM ELISA, n=4), IgG antibody capture enzyme-linked immunosorbent assay (IgG
ELISA, n=2), IgM/IgG seroconversion (n=2), Haemagglutination inhibition test (n=1), Plaque reduction
neutralization test (PRNT, n=2) and immunohistochemistry (n=2) as shown in Table 1. The main
advantages and limitations of each method are described in the subsequent section.

Diagnostic sensitivity and speci�city

The absolute values of true positive, false positive, false negative and true negative were extracted from
original studies for computation of sensitivity and speci�city of dengue diagnostic tests were available
for reverse transcription polymerase chain reaction (RT-PCR, n=11 studies), non-structural protein 1
enzyme-linked immunosorbent assay (NS1 ELISA, n= 6 studies), non-structural protein 1 rapid test (NS1
RDT, n= 6 studies), IgM antibody capture enzyme-linked immunosorbent assay (IgM ELISA, n= 2 studies)
and IgM rapid diagnostic tests (IgM RDT, n= 2 studies as indicated in Table 2. The results showed that the
sensitivity of RT-PCR and IgM ELISA ranged from 82.6% to 99.2% against 92.8% to 97.8%, respectively. On
the other hand, speci�city ranged from 78.8% to 100% against 80.3% to 99%, respectively and sensitivity
and speci�city of NS1 ELISA and NS1 RDT ranged from 53.7% to 96.2% against 49.7% to 99.5% and from
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34.5% to 93.8% against 63.8% to 98.6%, respectively. For IgM rapid test, sensitivity and speci�city ranged
from 30% to 92.8% and 87.6% to 97.8% respectively.

Emerging diagnostic technologies

Our literature search focused on four technologies namely biosensors, microarrays, micro�uidics and
nanobodies whose diagnostic potential for various infectious diseases has recently gained the attention
of researchers across the globe. The search results identi�ed 10 studies that demonstrated the potential
use of biosensors (n=5 studies), microarray (n=3 studies) and micro�uidics (n=2 studies) in the diagnosis
of dengue virus infection as shown in Table 3. Further, the usefulness of nanobodies as diagnostic tools
for dengue virus infection has also been demonstrated in several studies discussed in the subsequent
section.

Discussion
This review describes the utility and limitations of current dengue laboratory diagnostic options that
range from the isolation of the whole virus, detection of viral components (nucleic acid and antigens) to
quanti�cation of host immune response using anti-dengue antibodies. In addition, various challenges
and future perspectives in dengue virus diagnosis have been stated.

Current dengue virus laboratory diagnoses

Early and accurate laboratory diagnosis of dengue is critical for its appropriate management. According
to World Health Organization dengue guidelines for diagnosis, treatment, prevention and control [60],
several laboratory diagnostic options exist namely; i) Isolation and identi�cation of dengue virus, ii)
Detection of dengue nucleic acid (RNA), iii) Detection of dengue non-structural protein 1 antigens (NS1),
iv) Detection of anti-dengue immunoglobulin M and G antibodies, and v) Detection of dengue inhibiting
and/or neutralizing antibodies (Table 1). The appropriate use of each method largely depends on the
timing of sample collection due to the kinetics of diagnostic biomarkers during the course of dengue
virus infection. Improperly collected serum samples can affect the sensitivity of the tests because
detection of virus or its components (RNA or antigen) for early case identi�cation requires acute sera
collected within �ve days of infection when the viral load is high [24]. After this period, viral load
diminishes due to clearance of viruses from the blood circulation followed by generation of anti-dengue
antibodies with IgM antibodies expressed much earlier during the �rst exposure and IgG following
subsequent infection [25, 26].

Isolation and identi�cation of dengue virus

Dengue viruses are isolated from clinical samples (serum or plasma) collected during the acute phase of
infection in mosquito cells, mostly C6/36 (Ae. albopictus clone) and AP-61 (Ae. pseudoscutellaris) or
mammalian cells mostly, Vero (African green monkey kidney), Limited Liability Company Rhesus Monkey
Kidney (LLC-MK2) and Baby hamster kidney (BHK-21) [12, 29]. In addition, the viruses can be isolated by
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inoculating into mouse brain [30], followed by identi�cation using indirect immuno�uorescence assay
(IFA) [31]. Virus isolation method requires Biosafety level-3 facilities, cell culture skills, high maintenance
costs and may take 7 days for the results to be given [12, 27].

Detection of dengue virus nucleic acid

Polymerase chain reaction (PCR) methods

Detection of dengue virus ribonucleic acid (RNA) in serum or plasma samples of infected individuals is
performed by conventional reverse transcription polymerase chain reaction (RT-PCR) using synthetic
primers, random hexamers (N) 6 or oligo (dT)15-18 or oligo (dT)15-23 that anneal to speci�c regions of
target RNA transcripts [32]. RT-PCR methods are more sensitive and faster than the culture method [24].
However, in order to improve the sensitivity and speci�city of conventional RT-PCR, nested RT-PCR and
real-time RT-PCR were developed. Nested RT-PCR prevents non-speci�c binding of primer-dimer products
that can be developed in a single-step standard RT-PCR. Nested RT-PCR involves two rounds of PCR, in
the �rst PCR the products are generated using universal dengue primers that act as templates for the
second PCR. In the second PCR, shorter, but more speci�c products are generated using dengue virus
serotype-speci�c oligonucleotides that target different regions of virus genome such as envelope and
non-structural protein 1 within the products of �rst PCR primers [34]. In real time RT-PCR, dengue virus
RNA is detected using a pair of serotype-speci�c primers and �uorescent probes such as TaqMan and
SYBR green [35,36]. Unlike the culture method, RT-PCR has an extended window period of diagnosis when
urine and/or saliva samples are used instead of sera [37,38]. Despite the advantages of RT-PCR, this
method requires expensive reagents and equipment, specialized laboratory infrastructures and staff
training [10].

Non-PCR nucleic acid ampli�cation methods

Non-PCR based methods are yet to be approved by the World Health Organization. However, their
diagnostic potential for dengue virus infection has been appreciated in several studies [40,41]. The
methods do not require conventional thermocycling ampli�cation but use constant temperatures to
amplify target dengue ribonucleic acid (RNA). Non-PCR methods reported in the literature include reverse
transcription loop-mediated isothermal ampli�cation (RT-LAMP) that uses a single enzyme with high
strand displacement activity such as Bacillus subtilis deoxyribonucleic acid (DNA) polymerase and four
sets of viral speci�c primers that identify six regions of the target complementary DNA (cDNA) and the
results can be visualized by naked eyes [42,43]. Another method is nucleic acid sequence-based
ampli�cation (NASBA). The method detects target dengue RNA using three enzymes reverse
transcriptase, RNase H and T7 DNA dependent RNA polymerase [44, 45]. Reverse transcription
recombinase polymerase ampli�cation (RT-RPA) is another method that uses recombinase primers to
scan double-stranded DNA and facilitate strand exchange at the target regions without the need for
primer melting temperatures [46]. The utility of RT-RPA in the diagnosis of dengue infection has been
reported by several authors [47, 45].
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Detection of dengue non-structural protein 1

Non-structural protein 1 (NS1) is a glycoprotein highly conserved in dengue viruses and other �aviviruses
and it is expressed in either membrane-associated or secreted forms [49, 51]. During the early phase of
infection, NS1 proteins are secreted abundantly by infected host cells into the blood circulation that can
be detected by enzyme-linked immunosorbent assay (NS1 ELISA) or rapid diagnostic tests (NS1 RDTs)
[48,54]. The NS1 proteins can be detected by up to 9 days post-infection and extend the window period of
diagnosis when compared to culture and RT-PCR methods [51,52]. However, the level of detectable NS1
antigens diminishes during secondary infection due to complexing with anti-NS1 antibodies formed
during the past infection [26]. The limitations of NS1 antigen capture tests include its requirement of
Biosafety level-3 facilities, inability to discriminate between dengue virus serotypes and low sensitivity in
secondary infection has been reported [53].

Detection of anti-dengue antibodies

Anti-dengue antibodies are initially detectable 3-5 days post infection. During this period, anti-dengue
immunoglobulin M (IgM antibodies) can be detected by enzyme-linked immunosorbent assay (ELISA) in
50% of infected individuals and over 90% after 10 days of illness. The IgM antibodies are expressed
much earlier than immunoglobulin G (IgG antibodies) during primary dengue virus infection that indicates
recent dengue infection. The key challenge of diagnostic IgM antibodies is the persistence in circulation
up to 90 days that limits the ability to differentiate recent dengue virus infection from past �avivirus
exposure [28, 54].

 

The IgG antibodies develop a few days later during primary infection and are detectable 10 days post-
infection by ELISA. IgG antibodies can last for life in the blood circulation [55]. Thus, the detection of IgG
antibodies indicates past dengue infection or previous �avivirus exposure [56, 57]. The IgM and IgG titer
levels depend on the state of dengue infection. During primary infection, IgM titres are high and more
speci�c compared to secondary infection, conversely, IgG titers are high during secondary infection
compared to primary infection [10, 58]. Furthermore, IgM: IgG ratio can be used to differentiate primary
and secondary dengue infection. High IgM:IgG optical density ratio (OD > 1.2 in 1: 100 dilution or 1.4 in
1:20 dilution) shows primary infection, while OD < 1.2 or 1.4 is an indication of secondary infection [59,
60]. The con�rmation of anti-dengue antibodies requires the quanti�cation of a 4-fold rise of anti-dengue
IgG antibody titer between convalescent and acute phase sera or the detection of dengue-speci�c IgM
antibodies [61]. The main limitation of ELISA is cross-reactivity to pre-existing antibodies expressed
during the previous infection that contributes to false positive results [10]. Other limitations include the
need for paired serum samples and low IgM antibody levels during secondary infection [11, 54].

Detection of dengue virus inhibiting antibodies
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Haemagglutination inhibition test (HI) is used to measure the presence of anti-dengue antibodies in the
sera through agglutination reaction. Agglutination is caused by the ability of dengue virus antigens to
clump with certain types of red blood cells (RBCs). When su�cient anti-dengue antibodies are present in
the sera of an infected individual, agglutination of RBCs by dengue antigens is impeded [62]. The main
disadvantages of this test include cross-reactivity to antibodies of other �aviviruses, poor sensitivity and
require paired sera for con�rmation [63, 64].

Detection of dengue virus neutralizing antibodies

The detection of dengue virus neutralizing antibodies in sera of infected individuals is performed by
plaque reduction and neutralization test (PRNT). In PRNT, neutralizing antibodies present in the sera of
infected individuals inactivate dengue viruses and block their replication inside the target cells such as
Vero and BHK21 [65, 66]. The Positive sera are determined by a 50% reduction or more of viral particles
known as plaque forming units (PFU). PRNT is expensive, lacks standardization method, requires cell
culture skills, Biosafety level 3 facilities and it is time-consuming [66, 67].

Immunohistochemistry

The detection of dengue antigens in the infected tissues such as a biopsy is performed by
immunohistochemical techniques (IHC). The tissues are �xed in formalin and embedded in para�n
followed by detection of viral antigens by indirect �uorescent antibody staining or immunoalkaline
phosphatase. The results of immunohistochemistry can be visualized by a �uorescence microscope [61,
62]. This technique is less sensitive compared to culture and RT-PCR, can cause cross-reactivity and
requires some expertise in pathology [63, 64].

 

Evaluation of sensitivity and speci�city

The performance of diagnostic tests is important for the accurate diagnosis of dengue infection. Yet,
comparison of test performance remains a challenge due to various factors such as the existence of
multiple evaluation methods, the timing of sample collection (acute, late acute or convalescent sera) can
impact the use/or sensitivity of particular test at different phases of infection [28].

We computed sensitivity and speci�city of RT-PCR [33, 35, 68–76], NS1 ELISA [75–80], NS1 rapid
diagnostic tests [81–86], IgM ELISA [87,89,90] and IgM RDT [88,91] based on absolute true positive, false
positive, false negative and true negative values from selected original studies reported between 2008
and 2017. The overall results from  28 studies show that RT-PCR and IgM ELISA methods have good and
consistent diagnostic performance across various studies with an overall sensitivity (82.6-99.2%, 95% CI
against 92.8-97.8%, 95% CI, respectively) and speci�city range (78.8-100%, 95% CI against 80.3-99%,
95%CI. These observations concur with the results reported earlier [94]. On the other hand, the variable
performance of various NS1 antigen detection tests was observed for both sensitivity (49.7% to 99.5%)
and speci�city (34.5% to 98.6%). Similar �ndings were reported previously by others [28, 89, 94, 95]. The
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observed inconsistent sensitivity and speci�city of NS1 antigen tests can be presumably associated with
a small number of studies (n=12) that evaluated commercial NS1 antigen tests (Table 2) ; poor quality of
preserved sera tested in 6 retrospective studies [81,82,83,84,86 and 88] and difference in the quality of
NS1 antigens among manufacturers [28]. The performance of immunoglobulin M rapid diagnostic test
(IgM RDT) was not evaluated due to inadequate data. Only two studies reported the diagnosis of dengue
virus infection using IgM rapid test [90, 93]. Generally, our �ndings suggest that, RT-PCR and IgM-ELISA
show good sensitivity and speci�city for dengue virus infection compared to NS1 antigen tests despite
the limitations.

 

Emerging diagnostic technologies for dengue virus infection

In recent years, advances in technologies have been made with a view to providing solutions for existing
diagnostic challenges of dengue virus infections. In the current review, we describe the potential
diagnostic applications of new technologies based on biosensors, microarrays, micro�uidics, and
nanobodies. The utility of several emerging technologies has been reported previously [98, 99]. We
highlight the diagnostic opportunities for dengue virus infection emanating from biosensor, microarray
and micro�uidic-based technologies. In the literature search, we observed that several emerging
diagnostic platforms can use a wide range of diagnostic signatures for dengue virus such as
complementary DNA, non-structural protein 1 (NS1), envelope domain-III (EDIII) and immunoglobulin M
antibody (Table 3). All these signatures can be used as biomarkers for acute-phase dengue virus infection
and facilitate the early identi�cation of dengue-infected individuals which is crucial for infection control
and clinical management (Ref). In addition, it has been demonstrated that clinical samples other than
blood such as saliva and urine can be used as diagnostic specimens for acute or late-stage dengue virus
infection [104, 106] and this can extend the narrow window period of dengue diagnosis due to low viral
load after viremic phase of infection [28]. Moreover, it has been shown that several emerging diagnostic
platforms can be tailored for the simultaneous detection of multiple dengue virus serotypes in a single
assay (multiplex) and used at the point of care (POC) for rapid detection of dengue cases that would be
vital during outbreaks (Table 3). Thus, the potential of biosensors, microarrays, micro�uidics, and
nanobdies technologies in the diagnosis of dengue virus infection has been examined.

Biosensors: Biosensors use bioreceptors to recognize and interact with target analytes such as viral
nucleic acids, antigens or antibodies and generate speci�c signals which are received by transducers
processed and �nally detected [96, 97]. Biosensors utilize different mechanisms namely, electrochemical,
optical or piezoelectric transduction and surface plasmon resonance (SPR) to detect viral pathogens [98-
100]. Application of biosensors to detect dengue virus has been reported in several studies [101-105]. In
those studies, a range of biosensor-based diagnostic technologies like surface plasmon resonance (SPR)
to detect dengue viruses in the serum, saliva and urine samples using different biomarkers
complementary DNA (cDNA), IgM antibody and non-structural protein 1 (NS1) antigen was demonstrated
with the promising limit of detections as shown in Table 3.
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Microarrays: The microarrays or microchips use speci�c probes printed on the solid surfaces usually
glass or silicon membranes to allow the simultaneous identi�cation of multiple pathogen targets such as
nucleic acids, proteins or enzymes [106, 107]. Application of microarray platforms in the diagnosis of
dengue infection has been reported in several studies. Bumgarner and others demonstrated the
simultaneous detection of dengue virus serotypes (DENV-1, DENV-2, DENV-3, and DENV-4) using
complementary DNA based microarray [108]. Another study by Cretch et al (2014) showed the detection
of anti-dengue immunoglobulin M antibodies using single-molecule array [109] and envelope domain III
(EDIII) enzyme-linked immunosorbent assay-based array with an improved limit of detection compared to
conventional IgM antibody capture enzyme-linked immunosorbent assay [110].

Micro�uidic and Lab-on-a-chip platforms: The micro�uidic platforms are automated devices which use
microchannels to process small volume samples in microlitres (µL), nanolitres (nL) or picolitres (pL)
whereas lab-on-a-chips (LOCs) are microchips which integrate micro�uidic technology to perform the
separation and detection of target analytes. The integration of micro�uidic and LOCs reduces detection
time and cost [111, 112]. The use of micro�uidics to detect dengue virus in cell lysates and serum
samples has been reported by several authors  with a promising limit of detection [113, 114].

Nanobodies: Nanobodies are single domain antigen binding fragments of camelid heavy chain only
antibodies (HCAbs). The HCAbs are unique immunoglobulin G isotypes devoid of light chains (VL and
CL) and the �rst constant region (CH1). These unique antibodies are found in the sera of camelids such
as Alpaca, llamas, and vicugna, but also in certain cartilaginous �sh such as sharks [115, 116].

 

The nanobodies exhibit unique features that surpass that of conventional monoclonal antibodies and
recombinant antigen-binding fragments. These features include: (i) Small in size (4 x 2.5 nm),(ii) High
sensitivity, speci�city and a�nity to a diverse of cognate antigens (iii) Low molecular weight ( ~15 kDa)
compared to large classical antibody binding fragments such as fragment antigen binding (Fab ~55kDa)
and single chain variable fragment ( scFv ~28), (iv) Originate from single variable (V), diversity (D) and
joining (J) exon located in H locus of camelid genome that encodes nanobody genes (VHHs, ~450 bp)
without post-transcriptional process. Presence of single V(D)J exon makes genetic manipulation of VHHs
in simple bacteria cells like Escherichia coli easy and cost-effective [117], (v) Prolate surfaces that expand
 recognition of hidden epitopes that cannot be accessed by traditional antibodies, (vi) Highly variable
complementary determining region 1 (CDR1) and elongated complementary determining region 3 (CDR3)
loops due to non-templated nucleotide insertions. The long CDR3 increases recognition repertoire of
cognate antigens [118, 119], (vii) High solubility due to hydrophilic amino-acid substitutions at four Kabat
positions;37 (valine to phenylalanine), 44 (glycine to glutamine), 45 (leucine to arginine) and 47
(tryptophan to glycine) in framework region 2 to replace the classical hydrophobic interface of
conventional antibodies [120, 121], (viii) High thermal stability at elevated temperatures up to 90°C and
tolerant to extreme pH and chemicals [122, 123]. These features brand nanobodies as attractive reagents
for future dengue-speci�c immunodiagnostics.
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The diagnostic potential of nanobodies for different infectious diseases has been reported by several
authors [124, 125]. For dengue infection, Fatima et al (2014) demonstrated the detection of dengue non-
structural protein 1 (NS1) antigens using nanobodies with better sensitivity and speci�city compared to
conventional monoclonal antibodies [126]. Most recently, Shriver-Lake et al (2017) [127] have revealed
good sensitivity of a sandwich ELISA using NS1-speci�c nanobodies targeting four dengue virus
serotypes (DENV-1, DENV-2, DENV-3, and DENV-4) without cross-reactivity to close related �aviviruses.

 

Challenges in dengue virus diagnosis

The �ndings from literature showed that the main challenges in laboratory diagnostic techniques for
dengue include (i) unreliable routine diagnostic tests, (ii) narrow window period of diagnosis, and (iii)
poor sensitivity and speci�city of commercial rapid tests. The availability of more reliable diagnostic
tests for routine diagnosis of dengue virus infection remains a challenge. Routine laboratory diagnosis of
dengue virus infection is based on serological tests like IgM antibody capture enzyme-linked
immunosorbent assay (IgM ELISA). These tests are not very speci�c for infecting dengue virus due to
cross-reactivity with antibodies from previous �avivirus exposure or vaccination [24]. Moreover,
serological tests require late acute or convalescent sera collected 3-5 days post infection. Convalescent
sera are not suitable for con�rmation of recent dengue virus infection because anti-dengue antibodies
expressed during this period can persist in the blood circulation for several months [10, 11]. Thus, it is
problematic to distinguish recent from past dengue virus infection due to cross-reactivity with pre-existing
antibodies.

 

The use of more reliable tests like reverse transcription polymerase chain reaction (RT-PCR) which is
considered more sensitive and speci�c for acute-phase dengue virus infection than non-structural protein
1  detection tests (NS1) is limited in developing countries due to high-cost reagents, specialized
equipment, laboratory infrastructures, maintenance, and personnel training which undermine  its utility for
routine purposes.. In order to complement the use of expensive RT-PCR, NS1 capture ELISA and rapid
tests were developed. Nevertheless, NS1 ELISA exhibit low sensitivity in secondary dengue infection due
to complexing with anti-NS1 antibodies generated during the past infection. Further, NS1 antigen tests
show poor speci�city due to cross-reactivity with antibodies from close related �aviviruses such as Zika
and Yellow fever. More further, NS1 antigen test kits are not commercially available for all �aviviruses
that make the discrimination of dengue virus and other co-circulating �aviviruses di�cult [128]. Other
limitations of NS1 antigen tests include the inability to differentiate between dengue virus serotypes [26].
Secondary infection with a different serotype often leads to a more severe disease due to antibody-
dependent enhancement (ADE). In ADE, cross-reactive antibodies produced by previous heterologous



Page 13/28

serotype facilitates the replication of a different infecting dengue subtype within the macrophages and
increases the chance of developing a more severe form of the disease [128].

 

Moreover, a narrow window period of diagnosis due to a short life cycle of dengue virus makes the
con�rmation of acute-phase dengue virus infection challenging due to the timing of sample collection.
Diagnosis of acute-phase infection must be performed within the �rst �ve days of virus infection, beyond
this period the sensitivity of genomic-based tests like RT-PCR declines due to low viral load [27, 28].

 

Also, low and variable sensitivity and speci�city of existing commercial rapid diagnostic tests (RDTs) due
to the poor quality of antigens among manufacturers have been reported [28, 94]. As a consequence,
con�rmation of dengue infection by rapid tests alone can be inaccurate and may require dual
con�rmation with reference standards that adds cost per sample.

 

Future considerations

In order to address the current diagnostic challenges of dengue virus infection reported in various studies,
we promote the need to improve sensitivity and speci�city of commercial rapid tests for dengue, and
evaluation of the diagnostic performance of emerging diagnostic tools under �eld condition. We also
recommend the development of new tools to detect both asymptomatic and acute-phase dengue virus
infection in order to limit on-going virus transmission and facilitate the provision of appropriate patient
care. Early detection and discrimination of dengue virus infection from other emerging virus infections
such as Zika, and Chikungunya remains a challenge. Dengue, Zika, and Chikungunya virus co-infections
are increasingly been reported and have signi�cant clinical implication for patient care [9, 22, 23] Thus,
the development of robust, simple and cost-effective diagnostic tools for the simultaneous detection of
Dengue, Zika and Chikungunya at the point of care remains an important facet of future diagnostics.

Conclusions
Early and accurate laboratory diagnosis of dengue virus infection remains vital for infection containment
and clinical management. Reverse transcription polymerase chain reaction (RT-PCR) and IgM antibody
capture enzyme-linked immunosorbent assay (IgM ELISA) present a good diagnostic performance
compared to non-structural protein 1 antigen (NS1) tests in the diagnosis of dengue. The performance of
emerging diagnostic platforms for dengue virus infection has not been evaluated under the �eld
conditions. There is a need to improve sensitivity and speci�city of rapid diagnostic tests which is
imperative for early diagnosis and prompt response during outbreaks and explore new avenues in
technology that will help to enhance the diagnosis of dengue virus infection.
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Table 1: Articles that reported different dengue laboratory diagnoses (n=51)*
Diagnostic test Ref

Dengue virus isolation [29],[30]
RT-PCR [33],[34],[35],[36],[37],[38],[39],[68],[69],[70],[71],[72],[73],[74,[75] and

[76]
RT-LAMP [40],[41]
NSBA [44],[45]
RT-RPA [47]
NS1 ELISA [50],[52],[53],[77],[78],[79], [80],[81] and [82]
NS1 RDT [83],[84],[85],[86],[87] and [88]
IgM ELISA [54],[89],[91],and [92]
IgG ELISA [56],[57]
IgM/IgG seroconversion [58],[59]
Haemagglutination inhibition
test

[60]

PRNT [66],[67]
Immunohistochemitry [61],[62]

          *Source of data: PubMed, Web of Science and Google Scholar databases.
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Table 2: Sensitivity and specificity of selected dengue laboratory diagnostic tests computed from
literature
             (2008-2017, n=28 studies)*

 

  Diagnostic test Reference
standard

Study design Sample
size

Sensitivity
(95%CI)

Specificity
(95%CI)

Ref

1 Nested RT-
PCR

NS1 Ag RDT Prospective 71 99.2 (92.8-99.9) 95.0 (65.5-99.5) [33]

2 rRT-PCR Sanger
sequencing

Prospective 86 96.9 (87.8-99.3) 98.7 (88.8-99.9) [35]

3 Multiplex RT-
PCR

Virus isolation Retrospective 620 99.5 (95.5-99.9) 99.9 (99.1-100) [68]

4 RT-PCR RT-PCR Retrospective 42 93.5 (76-98.5) 97.6 (80.8-99.8) [69]
5 rRT-PCR NS1  RDT Retrospective 97 82.6 (71.7-89.9) 86.4 (70.9-94.3) [70]
6 rRT-PCR Nested RT-PCR Retrospective 74 99.3 (93.5-99.9) 58.3 (24.1-86.1) [71]
7 rRT-PCR RT-PCR Retrospective 184 99.6 (96.7-100) 98.9 (90.0-99.9) [72]
8 RT-PCR rRT-PCR Prospective 85 93.8 (85.8-97.5) 97.2 (78.1-99.7) [73]
9 Nested RT-

PCR
IgM ELISA Retrospective 87 87.0 (76.0–

94.0)
100  (76.0–100) [74]

10 rRT-PCR Nested RT-PCR Retrospective 182 90.5 (80.3-95.7) 75.8 (67.6-82.4) [75]
11 rHybProbe

PCR
RT-PCR Retrospective 79 96.7 (86.8-99.2) 98.6 (88.0-99.9) [76]

12 NS1 ELISA RT-PCR Prospective 208 53.7(42.9-64.1) 81.0 (73.4-86.8) [77]
13 NS1 ELISA rRT-PCR Prospective 150 81.7 (69.2-89.9) 91.5 (84.4-95.5) [78]
14 NS1 ELISA MAC-ELISA Prospective 92 60.6 (47.0-72.7) 34.5 (22.0-49.6) [79]
15 NS1 ELISA RT-PCR Prospective 94 96.2 (88.4-98.8) 53.2 (36.3-69.4) [80]
16 NS1 ELISA rRT-PCR Retrospective 1270 73.5 (69.0-75.7) 46.2 (42.3-50.2) [81]
17 NS1 ELISA qRT-PCR Retrospective 21 63.3 (38.6-82.5) 93.8 (59.8-99.3) [82]
18 NS1 RDT NS1 ELISA Retrospective 125 99.5 (95.0-99.9) 98.6 (87.8-99.9) [83]
19 NS1 RDT RT-PCR Retrospective 155 69.4 (61.3-76.5) 75.0 (57.9-89.3) [84]
20 NS1 RDT RT-PCR Prospective 75 94.2 (78.4-98.7) 85.3 (73.1-92.5) [85]
21 NS1 RDT IgM ELISA Retrospective 375 49.7 (42.8-56.7) 63.8 (56.6-70.5) [86]
22 NS1 RDT RT-PCR Prospective 99 84.7 (72.1-92.2) 97.1 (88.4-99.3) [87]
23 NS1 RDT IgM ELISA Retrospective 249 99.6 (96.3-100) 97.2 (92.6-99.0) [88]
24 IgM ELISA Virus isolation Prospective 863 94.7 (90.1-97.2) 80.3 (77.2-83.1) [89]
25 IgM RDT MAC-ELISA Retrospective 400 92.8 (88.4-95.6) 97.8 (94.7-99.1) [90]
26 IgM ELISA MAC-ELISA Retrospective 74 97.8 (82.2-99.8) 99.0 (91.3-99.9) [91]
27 IgM ELISA PRNT Retrospective 1250 88.2 (78.7-93.8) 52.8 (31.3-73.2) [92]
28 IgM RDT IgM ELISA Retrospective 324 30.0 (19.5-43.1) 87.6 (83.2-91.0) [93]

*Source of data: PubMed, Web of Science and Google Scholar databases.
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Table 3: An overview of emerging diagnostic technologies for dengue virus infection (20014-2018, n=10
studies)*

 

  Technology Reference
standard

Biomarker Sample type Limit of
detection

Proposed
application

 
Ref

Multiplex POC
1 SPR biosensor IgM ELISA IgM serum NA Yes Yes [101]

2 LRSPP biosensor IgM ELISA IgM plasma ∼12
pg/mm2

No Yes [102]

3 Biosensor NA cDNA spiked
serum

3.09 nM Yes Yes [103]

4 Immunosensor NS1 ELISA NS1 saliva 1 ng/mL No Yes [104]

5 Biosensor NS1 ELISA cDNA spiked
saliva/urine

0.2 nM No Yes [105]

6 Microarray qRT-PCR cDNA serum 0.05-
0.2ng/spot

Yes No [108]

7 Single-molecule Array IgM ELISA IgM plasma X1000-
10000 fold

No No [109]

8 ELISA-based array IgM ELISA EDIII serum X4-fold Yes No [110]

9 Centrifugal
microfluidic

NS1 ELISA NS1 serum 3.54
pfu/mL

No Yes [113]

10 Microsphere-based
microfluidic disk

Sandwich
ELISA

DENV cell lysates 1.9 pfu/mL No Yes [114]

*Source of data: PubMed, Web of Science and Google Scholar.
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Figure 1

Global distribution of dengue cases reported between 2008 and 2018 based on the data (not shown)
extracted from the global electronic reporting system for disease outbreaks (ProMed-mail) and WHO
disease outbreak news (DONs). The light blue dots indicate countries with over 200,000 cases of Dengue
and black dots represent countries with < 100,000 cases.
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Figure 2

PRISMA �ow diagram indicating the literature search and article selection process.
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