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Background 

Dengue, which is an arthropod-borne viral infection, is endemic to both tropical and sub-tropical regions 
of the world and is a global public health concern (1,2,3). While once considered an unimportant public 
health problem because mortality rates were low and epidemics infrequent, dengue virus (DENV) 
infection incidence rates have increased 30-fold in the past 50 years (4), leading one observer to call 
dengue “the most important vector-borne viral disease of humans and likely more important than 
malaria globally in terms of morbidity and economic impact” (5). 
 
Although estimates vary, approximately 390 million dengue infections occur each year, of which about 
96 million manifest clinically (2), and there are about 2.5 billion people living in disease-endemic regions 
of the world (6).1 The true burden of disease is uncertain, particularly in India, Indonesia, Brazil, China 
and Africa (2), but it is suspected that the true incidence and impact of DENV is higher than currently 
reported (8). Reasons include significant under-reporting of DENV infection by national surveillance 
systems (9,10) as well as misdiagnosis, low case fatality rates and inconsistent comparative analyses 
(1,7,8).  
 
In general, the occurrence of DENV infection around the world is on the increase, and it is spreading to 
new areas. Before 1970, only nine countries in the world had experienced severe dengue cases, but that 
number has quadrupled, with DENV now endemic in more than 100 countries globally, including all 
WHO regions (1,11). The primary reasons are urbanization, globalization and lack of vector control (7), 
but viral evolution and climate change are also factors contributing to the increase in DENV incidence 
(8).2  
 
DENV infection also results in a substantial economic burden for both governments and individuals. For 
example, in the Americas, DENV infection is estimated to cost more than US$2 billion per year on 
average (based on data from 2006-2007), with about 60% of the cost attributable to “productivity” 
losses (12). Similarly, a study in Southeast Asia (based on data from 2001-2010) showed an annual 
economic burden of  of about US$950 million, with about 52% of the costs coming from productivity 
losses (13). Neither of these studies included prevention and vector control costs. 
 
Despite concerted efforts and some progress (14-17), there are currently no commercially available 
antivirals and only one dengue vaccine that was recently approved for use in Mexico.3 Therefore, 
dengue prevention is for the most part limited to vector control. While vector control programs have 
been successful in some regions for limited periods of time, they have generally failed to prevent 
dengue outbreaks and dengue’s expanding geographic reach (18).  
 
In addition to difficulties with prevention of dengue, definitive diagnosis of the infection has also proven 
to be difficult because its symptoms are non-specific, especially in the early, acute stage of the infection. 
Further, current diagnostics for DENV often require sophisticated laboratory tests that are expensive, 
time-consuming and require skilled laboratory technicians. Yet definitive diagnosis of DENV infection is 
important for clinical management of patients, surveillance and outbreak investigations, allowing for 

                                                           
1 Some experts estimate that up to 3.6 billion people live in tropical and subtropical regions where dengue viruses have the 
potential to be transmitted (7). 
2 For a detailed discussion of reasons for the increase in the occurrence of DENV, see Murray et al (8). 
3 The Dengvaxia vaccine, manufactured by French pharmaceutical company, Sanofi, was recently approved for use in Mexico. 
The company has requested regulatory approval in 20 countries across Asia and Latin America. 
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early interventions to treat patients and prevent or control epidemics (19). In addition, early and 
effective diagnostic tests are needed for drug and vaccine research. 
 
This report describes the current landscape of testing for DENV fever, which is complex. It looks at how 

DENV is transmitted, its serotypes, the stages of infection, including clinical manifestations, and how 

DENV fever is diagnosed. The report also examines the platforms and tests that are currently available 

to diagnose DENV infection, including their performance and operational characteristics, as well as tests 

that are in the pipeline. It also considers gaps in the current technology landscape and what is needed 

for more effective DENV infection diagnosis, especially in resource-limited settings.  

Dengue Virus 

Dengue viruses are transmitted to humans by mosquitoes, primarily Aedes Aegypti and Aedes 

Albopictus. Of these, A Aegypti is an invasive species of mosquito that is found widely in tropical and 

subtropical areas of the world and is the primary vector of not only DENV, but also of Yellow Fever virus 

and chikungunya virus (CHIKV) (20). The A albopictus mosquito, also called the Asian tiger mosquito, 

originated in Southeast Asia, but in recent decades has been found in Africa, the Americas, Australia and 

even Europe, having been transported through commerce and international travel (21,22). Like A 

Aegypti, it can transmit the viruses that cause DENV as well as CHIKV infections (21).  

DENV belongs to the flavivirus genus within the Flaviviridae family. It is a positive-sense, single-stranded 

RNA virus, which comprises a spherical particle, 40 -50 cm in diameter, with a lipopolysaccharide 

envelope (6). The genomic RNA, pictured below, is approximately 10.7 kilo-base pair (kb) in length and 

has a single open reading frame that encodes three structural proteins – the capsid (C), membrane (M) 

and envelope (E) glycoproteins – as well as seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, 

NS4B and NS5) (23). 

 

 

Figure 1. The dengue virus genome. Reproduced from Guzman et al (6). 

There are four distinct DENV serotypes (DENV-1 - 4), all of which are now circulating in Asia, Africa and 

the Americas (6). The DENV serotypes share about 65% of the genome, and each serotype has multiple 

genotypic variants (6,19,23). These geographical and temporal variations in the DENV genotypes offer a 

considerable challenge for the development of DENV diagnostics, as well as for drug and vaccine 

development (23). 

After an incubation period of 4 – 8 days, infection with any of the four DENV serotypes can cause a wide 

range of clinical manifestations. While most infections are asymptomatic, infection can range from mild 

dengue fever (DF) to severe forms of DENV infection, formerly referred to as dengue hemorrhagic fever 

(DHF) and dengue shock syndrome (DSS) (23,24). In order to make patient management and surveillance 
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easier, in 2009, the WHO introduced a new classification system for DENV, replacing the traditional DF 

and DHF/DSS with DENV infection with and without warning signs and severe DENV infection (10,19).  

Typical DENV infection is characterized by symptoms that may include high fever, severe headache, 

arthralgia, myalgia, retro-orbital pain, nausea/vomiting, and thrombocytopenia, among others, from 

which most patients recover after a self-limiting illness (23,24). However, about 5 – 10% of patients 

progress to the acute form of infection, which may include one or more of the following: hypovolemic 

shock with respiratory distress, pleural effusion, pericardial effusion, elevated hematocrit values, etc. If 

untreated, the mortality of patients with acute DENV infection can be as high as 20%, although 

appropriate case management accompanied by intravenous rehydration can reduce mortality to less 

than 1% (10). 

It should be noted that infection with any one DENV serotype leads to life-long protection against the 

infecting serotype and gives partial cross-protection against other serotypes for a limited time. 

Unfortunately, however, epidemiological studies suggest that severe DENV infection occurs most 

frequently in individuals during secondary DENV infection with a different serotype and in infants with a 

primary infection born to DENV-immune mothers (24,25). In addition, a longer time between DENV 

infections is associated with a high risk of severe DENV infection and an increased rate of mortality (26).4 

These features of DENV infection, including its multiple serotypes and the need to distinguish among 

them and given the increased risk of severe DENV infection in the case of secondary infection, with the 

attendant increased risk of mortality, point to the importance of accurate diagnosis of DENV infection 

for clinical management, surveillance and outbreak investigations. In addition, as a febrile infection, the 

differential diagnosis of DENV infection from other infections is important wherever DENV is prevalent 

and can be confused with malaria, pneumonia or other infections (e.g., influenza, leptospirosis, measles, 

Japanese encephalitis, Yellow Fever virus, CHIKV) (27). This has the potential to lead to ineffective 

treatment or over treatment, which in turn can lead to antimicrobial resistance (28-31). Because DENV 

fever has no pathognomonic clinical features that can be used to reliably distinguish it from other febrile 

illnesses or other closely-related infections with symptoms similar to DENV infection, laboratory 

diagnostic confirmation is required (23). Putting it simply, “there is a global need for accurate dengue 

diagnostics” (27). 

Moreover, in addition to accurate diagnostics for DENV infection, such tests need to be accessible to 

patients. Because DENV infection often occurs in resource-limited settings, there is a need for easy-to-

use, affordable diagnostics that can be used at or near the point of patient care. Generally speaking, it is 

often suggested that diagnostic tests for use at the point of patient care in resource-limited settings 

should meet the ASSURED criteria for the ideal rapid test, which was developed by the WHO (32). The 

ASSURED criteria are as follows: 

A = Affordable 

S = Sensitive 

S = Specific 

U = User-friendly (simple to perform in a few steps with minimal training) 

R = Robust and rapid (results available in less than 30 minutes) 

E = Equipment-free 

                                                           
4 For a detailed discussion of dengue pathogenesis, see Guzman and Harris (24). 
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D = Deliverable to those who need the test 

 

This is a useful framework with which to consider the current tests available to diagnose DENV infection, 

which are discussed below. 

Diagnosis of Dengue Infection 

There are several diagnostic options for the diagnosis of DENV fever. These include assays that detect 

the virus directly (virus isolation) or its components (viral RNA or antigen) and serological assays that 

detect specific dengue antibodies, immunoglobulin M (IgM), immunoglobulin G (IgG) and 

immunoglobulin A (IgA). The choice of assay will depend both on the timing of sample collection and the 

purpose of the testing (10). 

Viraemia is generally detectable for about 4 – 5 days after the onset of fever and correlates with fever 

duration. In a primary DENV infection, the anti-DENV virus IgG develops relatively slowly, with low titers 

8 -10 days after the onset of fever and persists for 10 months to life, while the anti-DENV IgM is typically 

detected about 5 days after the onset of fever and persists for approximately 3 – 8 months. In a 

secondary DENV infection, however, DENV IgG develops rapidly, with high titers soon after the onset of 

fever, while IgM can be undetectable (10). This is illustrated below: 

 

 
Figure 2: IgM and IgG Antibodies in Primary and Secondary Dengue Infection. Reproduced from U.S. 
Centers for Disease Control and Prevention; available at: 
http://www.cdc.gov/dengue/clinicalLab/laboratory.html. 
 

http://www.cdc.gov/dengue/clinicalLab/laboratory.html
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Detecting Acute DENV Infection 
 
The performance of diagnostic assays for detecting DENV fever will depend on whether the patient is in 
the acute phase or convalescent phase of the infection. Assays that detect the virus directly, viral RNA or 
viral antigen perform best during the acute phase, while serological assays that detect antibodies 
perform best during the convalescent phase, as illustrated below. 
 

 
Figure 3: Dengue virus, antigen and antibody responses used in diagnosis. Reproduced from Guzman 
et al (6). 
 
This section of the report discusses current virus detection, molecular and antigen detection tests for 
DENV infection. 
 
Virus Detection 
 
Isolation of DENV by cell culture or from mosquitoes provides the most specific, direct and conclusive 
diagnosis of DENV infection and also identifies DENV serotypes. The A Albopictus mosquito C6/36 cell 
line is generally the preferred method for DENV isolation, although other mosquito and mammalian cell 
lines can also be used (6,19). 
 
To perform the test, blood, serum or plasma is collected from suspected DENV patients during the acute 
or viraemic stage of the infection (the first 3 – 5 days). After an incubation period that permits virus 
replication, viral identification is performed with immunofluorescent assays using monoclonal 
antibodies (mAbs) or reverse transcriptase polymerase chain reaction (RT-PCR) assays (33-36). 
 
As indicated above, direct virus detection confirms DENV infection, but laboratory facilities that can 
support viral culture are not always available to perform the assay. The test requires sophisticated 
laboratories with highly trained personnel. It also requires specimens from the acute phase of DENV 
infection, takes more than 1 week to isolate and serotype the virus, and is expensive (19). Therefore, 
virus isolation is not well suited to resource-limited settings in all but national reference laboratories or 
equivalent facilities. 
 
Viral RNA Detection 
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There are many nucleic acid amplification tests (NAATs) for DENV. These can be performed on whole 
blood, sera or tissue specimens taken from patients during the acute phase of DENV infection. 
 
All NAAT-based technologies incorporate amplification techniques because levels of nucleic acids are 

otherwise too low to be detected directly. Amplification methods are either aimed at increasing the 

number of target molecules (viral nucleic acids) to a level that permits detection (target amplification 

methods) or are aimed at increasing the signal generated by the method (signal amplification methods).  

Whether an assay is based on target amplification or signal amplification, the assay will consist of the 

following common steps: (i) sample preparation and/or viral nucleic acid extraction; (ii) the actual 

amplification step that is either target amplification based or signal amplification based; and 

(iii) detection and/or quantification of the amplified viral nucleic acids. 

Pre-amplification methods (sample preparation and/or viral nucleic acid extraction) are critical to the 

testing process. For each sample to be analysed correctly and to achieve an accurate result, the nucleic 

acid must be both available for the reaction and purified. Protocols for the pre-amplification steps 

include the use of purification methods for cells, and virion centrifugation or a capture step for RNA in 

plasma, followed by an extraction step to free the target viral nucleic acid. Molecular detection methods 

require prompt processing of samples (generally within six hours of collection), a rapid extraction 

method and appropriate storage of plasma or cells prior to assessing. 

There are several amplification methods used to detect viral RNA after preparation of samples. In target 

amplification, many copies of a portion of the viral nucleic acid are synthesized via an amplification 

reaction; in effect, this method enhances the ability to detect very low levels of nucleic acids that occur 

naturally in the blood. These techniques include RT-PCR and nucleic acid sequence-based amplification 

(NASBA). In signal and probe amplification methods, a probe or a reporter molecule attached to a probe 

is detected and the signal generated by this reaction is amplified/increased; thus, these methods 

increase the “marker” that shows that the target is present.  

Finally, post-amplification methods require the detection and/or quantification of either the 
amplification products (in target amplification methods) or the increased detection of signals that have 
been amplified (in signal amplification methods). Detection can be achieved using any one of a number 
of reagents, for example, colourimetric, radioactive or fluorescent. Detection can either be done at the 
endpoint of the process (completion of the run) or in “real time” (during the production of results as 
they occur). Real-time techniques, in which amplification and detection occur simultaneously, are now 
most commonly used. 
 
Such NAAT-based assays can be used to provide same- or next-day detection of dengue in serum or 
plasma taken from patients in the acute phase of the infection. In 1992, Lanciotti et al originally 
reported a 2-step hemi-nested RT-PCR protocol (37); it was later modified to a single-step multiplex RT-
PCR (38). This method has proven to be highly sensitive and is used extensively around the world (39).  
 
Advances in the development of fluorophores and nucleotide-labeling chemistries have provided the 
capability to conduct real-time PCR in a routine diagnostic laboratory (40). As a result, conventional RT-
PCR for DENV is being replaced by real-time RT-PCR (rRT-PCR), which limits the need for the post-
amplification manipulations required by conventional RT-PCR, lowers the risk of contamination, permits 
serotyping of DENV and yields a quantitative result (41).  
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Almost all of the RT-PCR methods in use for DENV today are “in-house” procedures (42 – 63). Many of 
them use target genes of different regions and use different amplification techniques. Most of these 
assays can be used for serotyping DENV infection; others incorporate quantitation; some have been 
multiplexed (64). Many of these assays have not been commercialized and most have not undergone 
stringent quality assurance (6). Perhaps not surprisingly, independent quality studies have highlighted 
sensitivity and specificity heterogeneities in the performance of these assays, including inter-laboratory 
variability using the same method (65). One study showed that only 10.9% of the 37 laboratories 
enrolled in the study had RT-PCR that met all criteria with optimal performance (sensitivity, specificity, 
serotyping and quantification) (65). Almost 81% of the labs that applied various RT-PCR protocols and 
methods need to improve their DENV detection diagnosis procedures; at the same time, some 
laboratories that applied the same protocols had different reproducibility rates (65). 
 
In recent years, several RT-PCR dengue assays have been developed and commercialized. Very recently, 
the US Food and Drug Administration (FDA) approved a CDC Control DENV-1 – 4 real-time RT-PCR assay 
(66), but in one study it was shown to be less sensitive than a laboratory developed, in-house, assay, 
particularly for DENV-1 (67). Independent evaluations have also been done on other commercially 
available RT-PCR assays. 
 
Najioullah et al evaluated four commercial real-time RT-PCR kits: Simplexa™ dengue RT-PCR assay 
(Focus Diagnostics, USA); RealStar Dengue RT-PCR kit 1.0 (Altona Diagnostics, Germany; Dengue virus 
general  type real-time RT-PCR kit Liferiver™ (Shanghai ZJ Bio-Tech Co, China); and Geno-Sen’s dengue 1-
4 real-time RT-PCR kit (Genome Diagnostics Pvt, India). Amplification and detection for 3 of the assays 
were performed on the ABI Prism® 7500 (Applied Biosystems, France) (pictured below). 
 

 
Figure 4. ABI 7500 Prism® Real-time PCR System 
 
For Simplexa, the 3M integrated cycler provided by Focus was used. The Liferiver™ kit had poor 
sensitivity on the initial panel of 40 positive samples, detecting only 40%, and was not evaluated further.  
 
The results from the other three assays are summarized below: 
 
Sensitivities of commercial DENV real-time RT-PCR assays were tested against a panel of clinical samples 
positive with hemi-nested RT-PCR. 
 

Serotype N Geno-sen’s (n (% [95% 
CI]) 

Realstar (n (% [95% 
CI]) 

Simplexa (n (% [95% 
CI]) 
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DENV-1 46 42 (91.3 [83.2-99.4]) 36 (78.3 [66.4-90.2]) 44 (95.7 [89.7-100]) 

DENV-2 37 33 (89.2 [79.2-99.2]) 32 (86.5 [75.5-97.5]) 34 (91.9 [83.1-100]) 

DENV-3 33 30 (90.9 [81.1-100]) 30 (90.9 [81.1-100]) 30 (90.9 [81.1-100]) 

DENV-4 46 33 (71.7 [58.7-84.8]) 37 (80.4 [68.9-91.9]) 43 (93.5 [86.3-100]) 

Total 162 138 (85.2 [79.7-90.7]) 135 (83.3 [77.6-89.1]) 151 (93.2 [89.3 – 97.1]) 

Table 1. Sensitivities of Three Commercial real-time RT PCR assays for Dengue infection. Reproduced 
from Najioullah et al (41). 
 
For all positive samples, serotype identification was compared to Lanciotti’s hemi-nested round; 
specificity was assessed using 70 samples negative with Lanciotti’s RT-PCR (37). The authors concluded 
that the Simplexa™ RT-PCR assay performed well, with >90% sensitivity with respect to each DENV 
serotype, with clinical samples obtained between days 1 and 7 after the onset of fever, and concordance 
for genotyping (41). The authors suggest that the Simplexa™ RT-PCR kit should be evaluated in 
multicenter and prospective studies. 
 
In another study, Saengsawang et al evaluated two commercial real-time PCR assays for the detection of 
DENV infection, the abTES DEN 5 qPCR (abTES) (AITbiotech, Singapore), and the DETECT Two-Step assay 
(innuDETECT) (Analytik, Germany) (68). Amplification and detection were performed using the compact 
CFX96 real-time thermocycler (Bio-Rad Laboratories, Hercules, CA, USA) (pictured below). 
 

 
 
Figure 5. The CFX96 Touch Real-Time PCR Detection System (Bio-Rad Laboratories) 
  

The results of the study are summarized below: 
 

Test and Serotypes Sensitivity (95% CI) (%) Specificity (95% CI) (%) 

InnuDETECT Dengue Two-Step Assay   

DENV-1 53.1 (34.7-70.9) 100.0 (63.1-100) 

DENV-2 40.7 (22.4-61.2) 100.0 (63.1-100) 

DENV-3 38.2 (22.2-56.4) 100.0 (63.1-100) 

DENV-4 45.8 (25.6-67.2) 100.0 (63.1-100) 

All serotypes 44.4 (35.3-53.9) 100.0 (63.1-100) 
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abTES DEN 5 qPCR   

DENV-1 100.0 (89.1-100) 100.0 (63.1-100) 

DENV-2 100.0 (87.2-100) 100.0 (63.1-100) 

DENV-3 94.1 (80.3-99.3) 100.0 (63.1-100) 

DENV-4 95.8 (78.9-99.9 100.0 (63.1-100) 

All serotypes 97.4 (92.7-99.5) 100.0 (63.1-100) 

Table 2. Sensitivity and Specificity of Two Real-time PCR Assays. Reproduced from Saengsawang (68). 
 
One hundred seventeen (117) samples were positive by DENV nested RT-PCR and IgM/IgG ELISA, and 8 
samples were negative by both tests. Serotype identification was done by nested RT-PCR. The abTES 
assay performed well, with an overall sensitivity of 97.4%, while the innuDETECT assay showed an 
overall sensitivity of only 44.4%. The eight control serum samples were negative by both assays, 
resulting in specificity of 100%. The authors concluded that the abTES assay provides rapid diagnosis of 
DENV infection that could be helpful when urgent clinical care is needed (68). 
 
In addition to the RT-PCR assays available for DENV detection, there are other molecular technologies 

that have been adapted for DENV detection. One of these is NASBA, which is an isothermal 

transcription-based amplification method that amplifies RNA from an RNA target (69,70,71). The 

amplicons produced through this process are detected in real time by molecular beacons, which are 

hairpin-shaped molecules with an internally quenched fluorophore whose fluorescence is restored upon 

binding to a target nucleic acid. Kinetic analysis of the fluorescent signals reveals the transcription rates 

of both the HIV RNA target and a calibrator RNA added during the extraction step. One of the 

advantages of NASBA is that it does not require a thermal cycler, but the technology still requires an 

electrochemiluminescence reader. Wu et al reported that the NASBA assay was able to detect DENV 

RNA in sera at plaque titers below 25 plaque forming units (PFU)/ml; assay sensitivity was 98.5% and 

specificity was 100% (69). None of the NASBA assays for DENV have been commercialized, but they have 

the potential for affordable point-of-care applications in resource-limited settings (72). 

Another technology that is being used for DENV detection is loop-mediated isothermal amplification 

(LAMP), which uses strand displacement and amplification of its stem loop structure in a single 

temperature, thus eliminating the need for a thermal cycler. Quantification is done by measuring the 

turbidity of the sample as magnesium pyrophosphate is produced as a by-product (64). To date, 

widespread adoption of RT-LAMP has been limited due to challenges associated with designing 

appropriate primers. But, the method has been developed for DENV detection (72,73,74). Parida et al 

found sensitivity and specificity of 100% and 93% in sera specimens, respectively, when compared to 

virus isolation (73). In general, RT-LAMP is simple and rapid (with results in less than 30 minutes) with no 

cross reactivity. It can both detect and serotype DENV.  

Transcription-mediated amplification (TMA) is another molecular diagnostic method that has been 

developed for DENV detection (75). TMA utilizes two enzymes, RT and T7 RNA polymerase. The RT is 

used to generate a DNA copy (containing a promoter sequence for T7 RNA polymerase) of the target 

sequence. T7 RNA polymerase produces multiple copies of RNA amplicon from the DNA copy template. 

The method has the potential to be more sensitive than RT-PCR in the detection of DENV, although it 

cannot yet be used for serotyping. In a study using acute-phase serum samples, Muñoz-Jordan et al 

found that TMA detected 80% of the specimens that were negative by RT-PCR and 100% in RT-PCR 

positive samples. Overall sensitivity was approximately 89% in clinical, acute-phase serum specimens 

(75). The authors conclude that the use of chemiluminescence detection of TMA may provide additional 
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sensitivity compared to the fluorescence detection used in real-time RT PCR (75). Molecular methods 

using TMA for detection of DENV infection have not yet been commercialized. 

 
Finally, assays for detection of DENV infection using a novel RT recombinase polymerase amplification 

(RT-RPA) have been developed (76). RT-RPA is a nucleic amplification system that uses prokaryotic 

enzymes (recombinases) to guide synthetic oligonucleotide primers to target sites in sample nucleic 

acids. Similar to PCR, the process involves exponential amplification of the target by reiteration of 

oligonucleotide-primed DNA synthesis. But, unlike PCR, RT-RPA does not require a thermal cycler. 

Instead, RT-RPA will operate at low and constant ambient temperatures (from 24ᵒC to as high as 45ᵒC). 

This means that less power is demanded than with PCR. In addition, RT-RPA begins operating the 

moment a sample comes into contact with reagents; no melting of DNA or heating of RNA is required 

first. This cuts the time for amplification. In fact, the RPA assay is very fast (3 – 5 minutes, including the 

reverse transcriptase) and can be operated on a portable device, a tubescanner, the Twista from 

TwistDx (Cambridge, UK). Wahed et al tested two RT-RPA assays for detection of DENV 1-4 using plasma 

samples in mobile laboratory facilities in Senegal and Thailand (pictured below) (76). The set-up is 

complex, however, and requires numerous materials, including a vortex, rotator, Eppendorf tube rack, 

automatic micropipette, digital timer, etc. In its current configuration, this set-up is unlikely to work well 

in most resource-limited settings. 

 
Figure 6. RPA Mobile Laboratory. Reproduced from Wahed et al (76). 
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The clinical sensitivities for the RT-RPA assays were 98% for samples tested in Senegal, but only 72% for 
RNA samples in Thailand. Comparable RT-PCR sensitivity was 98% and 94.4% (76). Improvement in 
sensitivities as well as ease of use of this technique are still required.  
 
Teoh et al have also recently developed a prototype RT-RPA assay and assessed its performance for the 
detection of DENV in 203 serum samples in patients suspected of having DENB infection (77). The sera 
were simultaneously tested for dengue using a RT-LAMP assay (using a DENV-specific TwistAmp® RT exo 
lyophilized kit from TwistDx), a quantitative RT-PCR assay (qRT-PCR) and IgM- and IgM capture ELISAs. 
Acute DENV infection was confirmed in 130 samples and 61 of the samples (46.9%) were classified as 
viremic with qRT-PCR. When used in combination with ELISA, both the RT-RPA and RT-LAMP assays 
increased the detection of acute DENV infection to 95.7% in samples obtained during the first 5 days of 
onset of infection (77). The authors concluded that it is possible to use the RT-RPA assay to complement 
routine serology testing for DENV and noted that RT-RPA has a number of advantages over RT-LAMP, 
including that it is faster (less than 20 minutes instead of ≥ 60 minutes), it is easier to use with its freeze-
dried, ready-to-use reaction mixture, and has lower energy consumption (77). 
 
In conclusion, with respect to detection of acute DENV infection via molecular methods, there are a 
large number of real-time RT PCR assays, many of which are not commercialized, but which are sensitive 
and specific, although they cannot be performed at or near the point of patient care. Even for 
commercialized real-time RT-PCR assays, there are issues related to standardization of test kits and 
quality control that need to be considered (34,78). In addition to RT-PCR, there are several other 
molecular diagnostic technologies, NASBA, LAMP, TMA and RT-RPA, which are promising and more 
appropriate for near-patient testing, but which require further development and validation.  
 
Antigen Detection 
 
In addition to molecular detection of DENV RNA, early detection of DENV is also possible by detecting 
viral antigens in the bloodstream. In particular, the non-structural glycoprotein NS1, which is secreted as 
a 300 kiloDalton (kDa) hexamer from DENV-infected cells, is said to contribute significantly to different 
stages of viral replication (64). Studies have demonstrated that the NS1 antigen is present at high 
concentrations in the sera of DENV-infected individuals during the acute phase of the disease, generally 
up to day 8 post infection in both primary of secondary infections (79,80,81), and because the protein is 
secreted into the blood, many tests have been developed to diagnose DENV infection by detecting NS1. 
 
Both NS1 ELISAs and rapid diagnostic tests (RDTs) have been commercialized, which provide not only an 
opportunity for early diagnosis of DENV infection, but also provide tests that are easier to use and more 
affordable than virus isolation and current commercial molecular tests. These include the following NS1 
ELISA-format tests:  Platelia™ Dengue NS1 Ag test (Bio-Rad, France), Panbio® Dengue Early ELISA (Alere, 
USA), and SD Dengue NS1 Ag ELISA (Alere, USA). 
 
A number of studies have been done to evaluate these NS1 assays. In a 2006 evaluation of the Platelia™ 
Dengue NS1 Ag test, a one-step sandwich-format microplate ELISA, Dussart et al found overall sensitivity 
of the test kit was 88.7% (95% Confidence Interval (95%CI): 84.0 to 92.4), and specificity was 100%, 
based on 239 sera samples from acute patients (82). But, a study by Guzman et al in 2010, evaluated 
two commercial NS1 ELISA assays, the Panbio® Dengue Early ELISA and the Platelia™ Dengue NS1 Ag, in 
six countries against various reference tests, including viral isolation and RT-PCR, among others, and 
found that both assays had poor sensitivity, which varied according to the countries in which patients 
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who were tested were living (83). Both assays were more sensitive with respect to samples from 
patients in Southeast Asia and the Americas. 
 
In a study also published in 2010, Lima et al evaluated the same two NS1 ELISA kits (Platelia™ Dengue 
NS1 Ag and the Panbio® Dengue Early ELISA) and one commercial RDT kit (the NS1 Ag STRIP [Bio-Rad, 
France]) in Brazil (84). The sensitivities of each of the three assays in serum samples from days 1 to 9 of 
dengue infection when confirmed by RT-PCR and/or virus isolation and by MAC-ELISA are shown in the 
table: 
 

 NS1 antigen capture kits 
Number of sera with indicated result/total number tested (%) 

Dengue case confirmation Panbio® Dengue Early 
ELISA 

Platelia™ Dengue NS1 
Ag ELISA 

Dengue NS1 Ag 
STRIP 

RT-PCR only (n=45) 28/45 (62.3) 37/45 (82.3) 37/45 (82.3) 

Virus isolation only (n=77) 55/77 (71.5) 73/77 (94.8) 76/77 (98.7) 

RT-PCR and virus isolation 33/36 (91.7) 34/36 (94.5) 36/36 (100) 

MAC-ELISA only 43/62 (69.4) 40/62 (64.5) 48/62 (77.4) 

Total 159/220 (72.3) 184/220 (83.6) 197/220 (89.6) 

Table 3. Sensitivity of Three Dengue NS1 Antigen Capture Assays. Reproduced from Lima et al (84). 
 
As shown above, the highest overall sensitivity was found by using the Platelia™ Dengue NS1 assay. Lima 
et al also noted that higher DENV detection rates were observed during the first four days of infection, 
and while the presence or absence of IgM showed no influence in the confirmation of the Panbio® 
Dengue Early ELISA, a higher confirmation by both Platelia™ Dengue NS1 Ag ELISA and the Dengue NS1 
Ag STRIP in the absence of IgM was statistically significant (84). 
 
In a reasonably exhaustive meta-analysis of the diagnostic accuracy of the Panbio® Dengue Early ELISA 
(Alere, USA) and the Platelia™ Dengue NS1 Ag (Bio-Rad, France) NS1 capture assays based on the results 
of 30 studies and a total of more than 12,000 patients from 17 countries in Latin America, Asia and 
Oceania, the Panbio® assays demonstrated low overall sensitivity of 66% (95%CI: 61-71) and specificity 
of 99% (95%CI: 96-100), while the Platelia™ assays showed better overall sensitivity of 74% (95%CI: 63-
82) and specificity of 99% (95%CI: 97-100) (85). Both the Panbio® and Platelia™ assays exhibited lower 
sensitivities for secondary infections (57% [95%CI: 47-67] and 66% [95%CI: 53-77]), respectively, and 
also exhibited lower sensitivities with respect to DENV-4 (and exhibited the highest sensitivities with 
respect to DENV-1) (85). The tests had slightly better accuracy for samples from Latin America (with 70% 
sensitivity [95%CI: 63-76] for the Panbio® assay and with 80% sensitivity [95%CI: 75-85] for the Platelia™ 
assay) (85). 
 
In a review of the performance of commercially-available NS1 RDTs only, Blacksell summarized the 
results of evaluations of each of the SD Bioline Dengue Duo (Alere, USA) (4 studies), the Panbio® Early 
Rapid NS1 (Alere, USA) (3 studies), and the Dengue NS1 Strip (Bio-Rad, France) (12 studies, including 
Lima et al (84)), across multiple countries (86). The results are summarized in Table 4 below. 
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Assay Study  Year Location Reference Sensitivity (95%CI) Specificity (95%CI) 

 
 
 
SD Bioline 
Dengue Duo 

Tricou et al (87) 2010 Vietnam RT-PCR or paired MAC and GAC-
ELISA 

62.4% (56.1-68.5) 100% (93.8-100) 

Wang and Sekaran (88) 2010 Malaysia Virus isolation, RT-PCR, paired 
MAC ELISA 

65.4% (58.5-72.3) 98.8% (96.2-100) 

Osorio et al (89) 2010 Colombia Viral culture, nested RT-PCR or 
paired MAC and GAC ELISA 

51% (44.1-57.7) 96.7% (90.8-99.3) 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC and GAC-ELISA 
paired samples 

48.5 (38.5-58.7) 99.4% (96.6-100) 

 
 
Panbio® Early 
Rapid NS1 

Fry et al (91) 2011 Vietnam RT-PCR or paired  MAC and GAC-
ELISA 

69.2% (62.8-75.6) 96% (92.2-99.8) 

Fry et al (91) 2011 Malaysia RT-PCR or paired MAC and GAC 
ELISA 

68.9% (61.8-76.1) 96.7 (82.8-99.9) 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC and GAC ELISA 
paired samples 

58.6% (48.2-68.4) 92.5 (87.3-96.1) 

 
 
 
 
 
 
 
 
 
Dengue NS1 
Strip 

Dussart et al (92) 2008 French Guiana RT-PCR or paired MAC and GAC-
ELISA 

77.6% (72.1-82.4) 100% (92.6-100) 

Shu et al (93) 2009 Taiwan RT-PCR or paired MAC and GAC 
ELISA 

77.3% (0.54-0.92) 100% 

Hang et al (94) 2009 Vietnam RT-PCR or paired MAC and GAC 
ELISA 

72.8% (64.1-80.3) 100% (91.6-100) 

Chaiyaratana et al (95) 2009 Thailand NS1 Ag ELISA 98.9% (96.8-100) 90.6% (85.6-95.7) 

Zainah et al (96) 2009 Malaysia Viral culture, nested RT-PCR, 
NS1 Ag ELISA 

90.4% (86.6-94.4) 99.5% (97.4-99.9) 

Ramirez et al (97) 2009 Venezuela RT-PCR or paired MAC-ELISA 67.8% (57.4-76.7) 94.4% (80.9-99.4) 

Lima et al (84) 2009 Brazil Combination of viral  culture, 
nested RT-PCR, NS1 AG ELISA 

89.6% (84.7-93.2) 99.1% (96.9-99.9) 

Pok et al (98) 2010 Singapore “Recife” classification (99) 78.9% (70.0-86.1) 99.0% (94.6-99.9) 

Tricou  et al (87) 2010 Vietnam RT-PCR or paired MAC and GAC 
ELISA 

61.6% (55.2-67.8) 100% (93.8-100) 

Najioullah et al (100) 2011 Martinique RT-PCR 49.4% (43.2-55.6) 100% 

Osorio et al (89) 2010 Colombia Viral culture, nested RT-PCR or 
paired MAC and GAC ELISA 

57.7% (47.6-67.3) 95.3% (84.2-99.4) 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC and GAC ELISA 
paired samples 

58.6% (48.2-68.4) 98.8% (95.6-99.9) 

Table 4. Results of selected diagnostic assessments of dengue NS1 RDTs. Adapted from Blacksell (86). 
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As illustrated above, with samples collected from the first day of infection to the 15th day of infection, 
there was a considerable range of sensitivities among the DENV RDTs evaluated (48.5% to 98.9%), 
although specificities were reasonably consistent, with all greater than 92%. However, Blacksell points 
out that the studies used a “skewed” comparator of either virus isolation, RT-PCR or NS1-ELISA and did 
not investigate the possibility of false-negative results by testing paired sera to probe for dynamic rise in 
serological assays such as IgM (MAC) or IgG (GAC) capture ELISAs (86). In those studies that looked at 
the diagnostic accuracy of NS1 assays in primary and secondary infections, the NS1 antigen RDTs 
generally demonstrated higher sensitivities in primary than secondary infections (87,93-95). 
 
Three more recent studies have compared the performance of NS1 ELISAs and RDTs. Pal et al used 
retrospective samples (239 positive sera samples and 39 negative sera samples) from an endemic 
setting in Peru to evaluate seven commercial assays: (i) Dengue NS1 Ag STRIP (Bio-Rad, France); 
(ii) Platelia™ Dengue NS1 Ag ELISA (Bio-Rad, France); (iii) Dengue NS1 Detect Rapid Test (1st generation) 
(InBios International, USA); (iv) DENV Detect NS1 ELISA (InBios International, USA); (v) Panbio Dengue 
Early Rapid (Alere, USA); (vi) Panbio Dengue Early ELISA (2nd generation) (Alere, USA); and (vii) SD 
Dengue NS1 Ag Rapid Test (Alere, USA) (79). The sensitivity of the RDTs ranged from 71.9% to 79.1%; the 
Dengue NS1 Ag STRIP test demonstrated the highest overall sensitivity of 79.1% (95%CI: 71.8-85.2) and 
the Panbio Dengue Early Rapid assay displayed the lowest overall sensitivity of 71.9% (95%CI: 64.1-78.9). 
The overall sensitivity of the ELISAs was better, ranging from 85.6% to 95.9%, using virus isolation as the 
reference standard; the highest sensitivity, 95.9% (95% CI: 86.0-99.5), was found for the DENV Detect 
NS1 ELISA, while the Panbio® Dengue Early ELISA had the lowest sensitivity, 85.6 (95%CI: 78.9-90.9) (79). 
The specificities of all tests ranged from 95%-100% and very few false positives were observed. In 
general, both RDTs and ELISA assays demonstrated the lowest sensitivity for DENV-4 and the highest for 
DENV-1 and highest sensitivity for days 2-4 post onset of dengue infection (79). 
 
Hunsperger et al also conducted a relatively recent evaluation with samples from Asia and the Americas 
of commercially available diagnostic tests for detection of dengue virus NS1 antigen and anti-dengue 
virus IgM antibody (27). The NS1 antigen kits evaluated included ELISAs (Platelia™ Dengue NS1 Ag [Bio-
Rad, France], Panbio® Dengue Early ELISA and SD Dengue NS1 Ag ELISA [Alere, USA] and RDTs (Dengue 
NS1 Ag STRIP [Bio-Rad, France], OnSite Dengue Ag Rapid Test [CTK Biotech, USA], Panbio® Dengue Early 
Rapid Test [Alere, USA] and SD Bioline Dengue Duo [Alere, USA]). The results of the study with respect 
to NS1 antigen test kits, which breaks down the data between acute and convalescent patients as well 
as between primary and secondary infections, are summarized below. 
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Tests 

Acute Convalescent 

Positive Total n = 107 Sensitivitya 
(95%CI) 

Positive Total n - 85 Sensitivityb (95%CI) 

ELISA Platelia™ Dengue NS1 Ag 64 106c 60% (51-70) 24 83c 29% (19-39) 

 Panbio® Dengue Early 
ELISA 

78 104c 75% (67-83) 16 84c 19% (11-27) 

 SD Dengue NS1 ELISA 74 105c 70% (62-79) 26 85c 31% (21-40) 

RDT Dengue NS1 Ag Strip 104 n=214  199c 52% (45-59) 32 n=170 170c 19% (13-25) 

 OnSite Dengue Ag Rapid 
Test 

50 125c 40% (31-49) 33 170 19% (13-25) 

 Dengue Early Rapid Test 119 197c 60% (54-67) 21 170 12% (7-17) 

 SD Bioline Dengue Duo 115 195c 59% (52-66) 100 170 59% (51-66) 

 
Tests 

Primary Secondary 

Positive Total n = 45 Sensitivitya 
(95%CI) 

Positive Total n - 147 Sensitivityb (95%CI) 

ELISA Platelia™ Dengue NS1 Ag 26 43c 60% (46-75) 62 147 42% (34-50) 

 Panbio® Dengue Early 
ELISA 

28 43c 65% (51-79) 66 146c 45% (37-53) 

 SD Dengue NS1 ELISA 33 44c 75% (62-88) 67 147 46% (38-54) 

RDT Dengue NS1 Ag Strip 46 n=90  78c 59% (48-70) 90 n=294 293c 31% (25-36) 

 OnSite Dengue Ag Rapid 
Test 

37 78c 47% (36-59) 46 218c 21% (16-27) 

 Dengue Early Rapid Test 30 78c 38% (54-67) 110 291c 38% (32-43) 

 SD Bioline Dengue Duo 55 78c 71% (60-81) 160 289c 55% (50-61) 

 
Table 5. Sensitivity of dengue NS1 antigen tests in acute and convalescent specimens (top table) and in primary and secondary DENV infections (table 
immediately above). Reproduced from Hunsperger et al (27). 

 
aCompared to RT-PCR DENV positive samples 
bCompared to IgM seroconversion 
cNumber of samples tested different than total number due to either duplicates for RDTs, invalid test or equivocal result 
Acute infections: those 0-5 days post onset of fever; those 6 -14 days post onset of fever 
Primary Infection: One DENV infection; Secondary infections: ≥2 infections 
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With respect to the NS1 ELISAs during the acute phase of DENV infection, sensitivities of the assays 
evaluated ranged from 60-75%, with the Panbio® Early Dengue ELISA having the highest sensitivity. 
Sensitivities of these same tests for specimens collected post-acute phase of infection ranged from 19% 
to 31%, with the SD Dengue NS1 assay performing best. All of these observed sensitivities were 
statistically different than those observed in the acute phase and were statistically different between 
and among tests (27). 
 
Further, there were significant differences in the sensitivity of the ELISA tests with respect to primary 
versus secondary infection. The sensitivities of the tests on patients with primary infection ranged from 
60-75%, with the highest sensitivity test being the SD Dengue NS1 and the lowest being Platelia™. 
Sensitivities for tests on patients with secondary infection ranged from 42-46%, considerably lower than 
the results for primary infections.  
 
The specificities of the NS1 ELISA tests, which were determined using DENV negative and challenge 
specimen panels, ranged from 71-80% (27). 
 
With respect to NS1 RDTs, the sensitivities in the acute phase specimens ranged from 40-60%, with the 
Panbio® Dengue Early Rapid test having the highest sensitivity and the SD Dengue Duo test a close 
second at 59%. The OnSite Dengue Ag Rapid Test had the lowest sensitivity in acute specimens at 40%. 
Among convalescent specimens, sensitivities on these tests ranged from 12-59%, with the SD Dengue 
Duo performing best and the Panbio® Dengue Early Rapid test performing worst.5 The range of 
sensitivities for convalescent patients was 21-55%, with the SD Dengue Duo again performing best. 
 
Similar to the results from the ELISA assays, all but one of the NS1 RDTs performed better among 
specimens from patients with primary infections than those from patients with secondary infections. All 
of the RDTs had similar specificities in the dengue-negative specimens (76-80%), and these specificities 
are similar to those from the NS1 ELISAs (27). 
 
Finally, Shan et al conducted a meta-analysis of NS1 Ag-based assays in Asian populations only. Eighteen 
studies, including 3,342 DENV patients and 1,904 control cases across 9 geographies – Cambodia, 
Indonesia, Malaysia, Pakistan, Singapore, Sri Lanka, Taiwan, Thailand and Vietnam – were included 
(102). Three NS1 antigen-based tests were evaluated:  (i) Platelia™ Dengue NS1 Ag-ELISA kit (Bio-Rad, 
France); (ii) Panbio® Dengue Early ELISA (Alere, USA) and (iii) Dengue NS1 Ag STRIP (Bio-Rad, France). 
The pooled sensitivity and specificity for the NS1 Ag-based assays were 66% (95%CI: 64.5-67.5) and 
97.9% (95%CI: 97.3-100), respectively. The Dengue NS1 Ag STRIP test had the highest sensitivity of 
72.9% (95%CI: 70.1-75.5). These results are in broad agreement with results from other geographies and 
reinforce the conclusion that NS1 assays generally have high specificity, but that there are a number of 
factors that influence the sensitivities of these assays, including dengue serotype and primary versus 
secondary infection (102). 
 
In conclusion, NS1 ELISA assays for DENV infection typically perform better than NS1 RDTs. All tests, 
whether ELISAs or RDTs, generally perform better in the acute phase of the infection (days 1 to 5 of 

                                                           
5 Hunsperger et al note, however, that viral antigens may persist in serum longer than viral nucleic acid detected by molecular 
methods or by virus isolation. While all specimens in the convalescent panel were anti-DENV IgM positive, they were negative 
for DENV by RT-PCR or virus isolation. Therefore, by strict definition, the authors were not able to determine the sensitivity of 
either the NS1 ELISA tests or the RDTs in the convalescent phase because there was no true reference standard for comparison. 
Hunsberger et al conclude that the 19-30% positive results could represent detection of residual NS1 antigen, but some could 
be false positive results (27). 
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fever onset); NS1 detection rates decrease as the IgM levels increase over days of illness. The tests can 
differentiate between primary and secondary infection, although the sensitivities of the assays in 
secondary infection are not particularly high. Current commercial NS1 assays cannot differentiate 
between and among serotypes6. 
 
NS1 assays, especially RDTs, are inexpensive and easy-to-use. Therefore, they are more appropriate for 
use in resource-limited settings than virus isolation or NAAT-based detection methods, but they are not 
as sensitive and specific as those methods. Their performance must be weighed against other 
characteristics that are important in the settings of intended use, including sample required (serum 
versus whole blood), sample volumes, storage temperature, time to result, shelf-life and price. The 
performance and utility of these NS1 assays require additional evaluation (19), and because of the lack 
of conformity in the evaluations of the NS1 dengue RTDs, in particular, a standardized approach should 
be used so that there is comparability among studies (86). A brief summary table of NS1 assay 
characteristics is below. 

                                                           
6 Ding et al have developed and evaluated four serotype-specific capture ELISAs and one group-specific NS1 capture ELISA to 
determine whether they could differentiate the four DENV serotypes (101). Using acute-phase serum samples collected from 
patients with laboratory-confirmed dengue, the results demonstrated that the serotype-specific NS1 assays were highly specific 
for serotyping DENV infection, and the authors conclude that the study is proof of concept that MAbs recognizing distinct 
epitopes on NS1 from each DENV serotype can be developed for use in individual tests for the identification of all four serotype 

(101). Further research is needed. 
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Table 6. Characteristics of Select NS1 Dengue Assays 

ELISAs     

Test Platelia™ Dengue NS1 Ag SD Dengue NS1 Ag ELISA Panbio® Dengue Early 
ELISA 

DENV Detect NS1 ELISA 

Company Bio-Rad, France Alere, USA Alere/USA InBios International, 
USA 

Detection Method One step sandwich format 
microplate enzyme 
immunoassay 

 Capture ELISA format  

Format 12 strips of 8 wells 12 strips of 8 wells 12 strips of 8 wells 12 strips of 8 wells 

No. of tests/package 96 96 96 96 

Sample type Serum or Plasma  Serum Serum 

Sample volume 50µl  75µl 50µl 

Time to result 140 minutes  130 minutes 111 minutes 

Storage conditions 2-8°C 2-8°C 2-8°C 2-8° 

Additional materials 
required 

Pipette, incubator, plate 
reader 

 Pipette, incubator, 
plate reader 

Pipette, incubator, 
plate reader 

 

RDTs      

Test Platelia™ Dengue 
NS1 STRIP 

SD Dengue NS1 Ag Panbio® Dengue Early 
Rapid (2nd generation) 

OnSite Dengue Ag 
Rapid Test 

Dengue NS1 Detect 
Rapid Test (1st 
generation) 

Company Bio-Rad, France Alere, USA Alere, USA CTK Biotech, USA InBios International, 
USA 

Assay Principle Lateral flow Lateral flow Lateral flow Lateral flow Lateral Flow 

Format Dipstick Cassette Dipstick Cassette Dipstick 

No. of 
tests/package 

 25 25 25 25 

Specimen type Serum, plasma Serum, plasma or EDTA-
treated WB 

Serum Serum, plasma or 
whole blood 

Serum 

Sample volume 50µl 105µl 50µl 30-45µl (plasma) or 
80-100µl (whole 
blood) 

50µl 

Time to result 15-30 minutes 15 – 20 minutes 15 minutes 20 minutes 30 minutes 



May 2017 

20 
 

Storage conditions 2-8°C Room temperature 2-8°C  Room temperature (22-
30°C) 

Additional materials 
required 

Tubes, pipette None Pipette  Tubes, pipette 
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Detecting the Acquired Immune Response to Dengue 
 
The acquired immune response to DENV infection consists of the production of immunoglobulins; the 
markers are dengue IgM and virus-specific IgG and IgA. Serological tests that detect these markers are 
the most frequently used tests in many endemic countries because they are easy to use compared to 
culture or NAATs and are relatively affordable (64). As indicated earlier in this report, such assays are 
best used when DENV titers decrease and antibodies begin forming - i.e., post-acute infection. 
Serological assays include hemagglutination inhibition (HI) assays, plaque reduction neutralization test 
(PRNT), IgM, IgG, and IgA ELISAs and RDTs. These are discussed below. 
 
HI Assay 
 
The HI assay is one of earliest tools developed for DENV diagnosis (103). The assay works by measuring 
the potency of the inhibition of the agglutination of the red blood cells of geese and anti-DENV 
antibodies in the sera of DENV-infected patients (10). Because the HI assay requires paired sera, it 
cannot be used to detect acute infection, but it can be used to differentiate between primary and 
secondary infection. The test also cannot discriminate between infections of other flaviviruses (e.g., 
Japanese encephalitis virus, West Nile virus, Yellow Fever virus and Zika virus [ZIKV]), and therefore 
cannot be used in countries where flaviviruses are endemic (64). The HI test is not practical for use in 
resource-limited settings because, among other things, it requires sera processing and needs to be 
tested against all four DENV serotype antigens, a tedious and laborious process (64). 
 
IgG ELISA (GAC) 
 
DENV-specific IgG-based assays (GAC) can be used to detect past DENV infections and current infections 
if paired sera are collected within the appropriate time frame; current infection is indicated by a 
significant rise (generally, fourfold) in the titer of specific antibodies between the acute and 
convalescent phase serum samples (19,23). The E/M-specific GAC can be used to detect DENV infection 
in serum, plasma or filter-paper stored blood samples; however, GAC assays lack specificity against 
other circulating flaviviruses (10). The results of IgG-based DENV assays correlate well with those of HI 
assays, and relative to them are rapid and easy to perform (10).  
 
In addition, a DENV virus E/M protein-specific IgM/IgG ratio can be used to distinguish between primary 
and secondary DENV virus infections. However, Falconer et al have found that the IgM:IgG ratio varies 
depending on whether the patient has a serologically non-classical or classical DENV infection and 
redefined the ratios. Therefore, the ratio is not well defined (6). IgG avidity assays can also be used to 
classify primary or secondary infections using IgG titer thresholds or the IgM:IgG ratio. (10,33,34). 
 
IgA ELISAs and IgA RDTs 
 
While IgM and IgG assays have been the focus of much attention with respect to diagnostics for DENV 
fever, some have also examined the utility of using DENV-specific IgA as a diagnostic tool (104). The 
majority of DENV-infected individuals become positive for IgM by day 5-6 after the onset of infection, 
and IgM persists for 3 to 8 months. IgA, on the other hand, is detectable in patients on average 5.5 days 
after the onset of fever, but persists for only about 40 days (105). 
 
In countries where DENV fever is endemic and where other flaviviruses are co-circulating, this makes it 
difficult to interpret a positive dengue test result for patients presenting with fever, which could be 
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serological cross reactivity rather than a true positive (10). Because IgA seems to be an early, high-
quality serological marker and because DENV-specific IgA antibodies are detectable in acute-phase 
serum samples, but persist for a shorter period than DENV-specific IgM, some investigators have 
recognized the potential value of IgA detection for DENV virus infection diagnosis (106). In principle, an 
IgA-based test could help to narrow the time frame of marker detection following DENV infection and 
has the potential to be a more informative diagnostic and a better indicator of recent DENV infection 
than IgM-based tests (104,105,107-109). 
 
Decker et al recently conducted an evaluation of the Platelia™ Dengue IgA Capture ELISA (Bio-Rad, 
France) using 134 sera from confirmed DENV-infected patients and 50 sera from non-DENV infected 
patients, all of which were collected between day 3 and day 15 of the onset of fever (106). Diagnosis of 
DENV infection was confirmed using reference assays by virus culture or RT-PCR on acute serum samples 
or on paired acute-phase serum samples of selected convalescent serum samples (106). The sensitivity 
of the Platelia™ IgA assay was 93% (95%CI: 87-96); the specificity of the assay was 88% (95%CI: 75-95). 
This compared favorably with the performance of the Panbio® Dengue IgM test, which had a sensitivity 
of 95% (95%CI: 87-96). Sensitivity of the Platelia™ assay was highest when tested on post-acute samples 
(collected on day 8 to 15) compared to acute samples (collected on day 3 to 7); sensitivity was 100% for 
convalescent samples versus 84% for acute samples. With respect to detecting DENV serotypes, the 
assay showed very good sensitivity with respect to DENV-2, DENV-3 and DENV-4, with sensitivities of 
100%, 97% and 92%, respectively; the assay’s sensitivity with respect to DENV-1 was 85% (106). The 
authors conclude that the Platelia™ Dengue IgA Capture ELISA “could contribute to the improvement of 
dengue diagnostic performance,” but note that the assay has not yet been commercialized. Rather, the 
only commercially available assay is the ASSURE® Dengue IgA Rapid Test (MP Biomedicals, USA) (106). 
 
Due to the heterogeneity with respect to assay performance observed in previous studies and in order 
to assess the accuracy of IgG in diagnosing dengue infection, Alagarasu et al performed a meta-analysis 
of nine evaluations of IgA-based DENV assays, including the study by Decker et al described above and 
two studies of the ASSURE® Dengue IgA Rapid Test (110-113). The studies consisted of 2,096 patient 
samples, and overall sensitivity of the assays was 73.9% (95%CI: 71.6-76.0), with a range of 47.6% to 
93.0%, and the overall specificity was 95.2% (95%CI: 93.0-96.9), with a range of 86.0% to 100%, 
respectively (110). The ELISA tests performed better than the RDTs; sensitivities were 96% and 76%, 
respectively, and specificities were 89% and 72%, respectively (110). Combined with data on the 
diagnostic odds ratio, the positive likelihood and negative likelihood ratios, the authors concluded that 
IgA-based tests have a moderate level of accuracy, but that the absence of IgA does not rule out DENV 
infection. In other words, negative IgA-based test results cannot be used alone for DENV diagnosis; such 
assays can supplement other assays, especially in DENV-endemic settings (110). Alagarasu et al suggest 
that further evaluations in larger prospective cohorts are required, especially for IgA-based RDTs. 
 
PRNT Assay 
 
The PRNT assay is used to define the infecting DENV serotypes following a primary infection. The assay is 
based on the principle that neutralizing antibodies inactivate DENV so that it is no longer able to infect 
and replicate in host cells and is the most reliable means of measuring the titer of neutralizing 
antibodies in the serum of an infected individual as a measure of the level of protection against an 
infecting virus (10). The PRNT assay is used mainly for research and vaccine studies (6). The assay 
requires standardization in cell lines, virus strains and concentration, incubation temperatures and time. 
In general, it is both time and labor intensive and demonstrates variation among laboratories, which 
means it is not preferred for clinical management of patients (64). 
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IgM Capture Assays (MAC-ELISA) and IgM RDTs 
 
The IgM antibody-capture enzyme-linked immunosorbent assay (MAC-ELISA) detects DENV-specific IgM 
in serum, which is usually detectable in DENV patients between 3 to 5 days after the onset of fever (6,9). 
The assay captures all IgM using human-specific IgM bound to a solid phase and the test can also be 
used on whole blood specimens on DBS and saliva, but not in urine. 
 
In recent years, the detection of anti-DENV IgM using a MAC-ELISA assay (112) has become the most 
widely used method for detecting DENV infection despite the fact that it lacks the sensitivity and 
specificity to diagnose acute infection (27) and is time consuming, taking approximately 72 hours to 
obtain a result (114).7 There are numerous home-brew MAC-ELISA assays as well as more than 50 
commercial kits. In addition, RDTs for detection of IgM have also become available. They are true point-
of-care diagnostics and are both quick and easy-to-use and are therefore very well suited to resource-
limited settings. However, they, too, lack the ability to confirm acute DENV infection. 
 
Numerous evaluations on both MAC-ELISA assays and IgM RDTs were done from the late 1990’s through 
the mid-2000’s. Sensitivity and specificity have been shown to be highly variable, with sensitivities and 
specificities for MAC-ELISAs ranging from 61.5% to 99.0% and 84.4% to 98.0%, respectively (27,114). 
 
In 2008, WHO sponsored a largescale multi-center study across representative geographies in Southeast 
Asia and the Americas by Hunsperger et al to evaluate IgM-based assays for dengue (115,116). Mean 
sensitivities of ELISAs ranged from 61.5% to 99.0%, and specificities were 79.9% to 97.8%. ELISA tests 
included in the study were:  Panbio® Dengue IgM Capture (Alere, USA), Pathozyme Dengue M (Omega, 
UK), Pathozyme Dengue M Capture (Omega, UK), Dengue Fever Virus IgM Capture DxSelect (Focus 
Diagnostics, USA) and SD Dengue IgM Capture (Alere, USA). Of these, the tests from Panbio®, Focus 
Diagnostics and SD/Alere showed significantly higher mean sensitivities: 99.0%, 98.6%, and 97.6%, 
respectively, than the 2 tests from Omega Diagnostics (62.3% and 61.5%) (115). The mean sensitivities 
of IgM RDTs ranged from 20.5% to 97.7%, and specificities ranged from 76.6% to 90.6% when compared 
to reference ELISAs (114). RDTs included in the study were: Panbio® Dengue Duo Cassette (Alere, USA), 
Hapalyse Dengue-M PA kit (Pentax, Japan), Dengucheck WB (Zephyr Biomedicals, India) and SD Dengue 
IgG/IgM (Alere, USA). Of these, the Pentax test had significantly higher mean sensitivity (97.7%) than all 
of the other RDTs, but it had the lowest specificity (76.6%), with high false-positive rates for both 
malaria and Anti-DENV IgG specimens. The Panbio® and SD tests showed the highest mean specificities 
(90.6% and 90.0%, respectively), but with lower mean sensitivities (77.8% and 60.9%, respectively) 
(115).  
 
Results for selected recent diagnostic evaluations of dengue IgM, IgA and IgG RDTs only are shown 
below. The evaluations included the following tests:  SD Bioline Dengue Duo (2nd generation) (Alere, 
USA); Panbio® Dengue Duo Cassette (Alere, USA); Dengue Fever IgG and IgM Combo Device (Merlin, 
USA); IMMUNOQuick® Dengue Rapid Test (Biosynex, France); and ASSURE® (MP Biomedicals, USA). 
 

                                                           
7 Nunes et al have developed a modified IgM-specific capture ELISA (Rapid-MAC-ELISA) that they have 

demonstrated is comparable to a standard MAC-ELISA in terms of sensitivity and specificity, but was less expensive 
and faster than conventional MAC-ELISA assays (with results in 3 hours) (114). 
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Assay Study  Year Location Reference Antibody 
Target 

Sensitivity (95%CI) Specificity (95%CI) 

SD Bioline 
Dengue Duo 
(2nd 
Generation) 

Wang and Sekaran 
(88) 

2010 Malaysia Virus isolation, RT-PCR, 
paired MAC-ELISA 

IgM 53.5% 100% 

Blacksell et al (90) 2011 Sri Lanka AFRIMS* MAC- and GAC-
ELISA paired samples 

IgM 79.2% (70.5-87.2) 89.4% (83.5-93.7) 

 
 
Panbio 
Dengue Duo 
Cassette 

Blacksell et al (117) 2006 Thailand AFRIMS MAC- and GAC-
ELLISA paired samples 

IgM 65.3% (59.9-70.5) 97.6% (93.9-99.3) 

Nga et al (118) 2007 Vietnam Focus IgM/IgG ELISA IgM 
IgG 

67.3% (57.8-75.6) 
66.4% (58.4-75.6) 

91.7% (84.4-95.7) 
94.4% (84.9-98.1) 

Moorthy et al (119) 2009 South India Panbio MAC- and GAC-
ELISA  

IgM 
IgG 

81.8% 
87.5% 

75.0% 
66.6% 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC- and GAC-
ELISA paired samples 

IgM 70.7% (60.7-79.4) 80.0 (73.0-85.9) 

Merlin IgM 
 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC- and GAC-
ELISA paired samples 

IgM 72.7% (62.9-81.2) 73.8% (66.2-80.4) 

Biosynex 
IgM 

Blacksell et al (90) 2011 Sri Lanka AFRIMS MAC- and GAC-
ELISA paired samples 

IgM 79.8% (70.5-87.2) 46.3% (38.3-54.3) 

MP 
Diagnostics 
ASSURE 

Tan et al (111) 2011 Singapore NS1 Ag and MAC-ELISAs IgA 86.7% 86.1% 

Ahmed et al (112) 2010 Bangladesh NS1 Ag and MAC-ELISAs IgA 99.4% 100% 

Table 7. Summary of selected recent assessments of dengue IgM, IgA and IgG antibody RDTs. Adapted from Blacksell et al (86). 
*Paired samples provided by the Armed Forces Research Institute of Medical Sciences (AFRIMS). 
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Sensitivities across all RDT assays from all specimens (some of which were taken from acute patients 
and some of which were taken from convalescent patients) were 53.5% to 99.4%. Specificities across all 
tests ranged from 46.3% to 100% (86). 
 
Finally, in a study by Hunsperger et al published in 2014, one IgM-based ELISA test for DENV, the DENV-
JEV MACE (Venture Technologies, Malaysia)8 and four IgM-based RDTs (Dengue IgG/IgM Rapid Test 
device [Abon Biopharma, China]9, OnSite Dengue IgG/IgM Combo [CTK Biotech, USA], ImmunoComb® II 
Dengue IgM & IgG Bispot EIA [Alere, USA],10 and SD Dengue IgG/IgM [Alere, USA]) were evaluated (27). 
Although the ELISA performed well, with an overall sensitivity of 96% and specificity of 84%, false 
positive reactions against other arboviruses, including Japanese Encephalitis virus, West Nile virus and 
chikungunya virus (CHIKV), were observed. With respect to the IgM RDTs, performance was mixed, with 
a broad range of overall sensitivities (52% to 95%) and specificities (86% to 92%). The results, by test, 
with performance analyzed by acute versus convalescent patient status and primary DENV versus 
secondary DENV infection are summarized below. 

                                                           
8 Venture Technologies announced that its laboratories closed in September 2015. See http://www.vt-sb.com/. 
9 Abon Biopharma is now a subsidiary of Alere, Inc., which no longer manufactures the dengue RDT. 
10 Note that the ImmunoComb II Dengue IgM & IgG Bispot is an enzyme immunoassay (EIA) and not an RDT. 
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Tests 

Acute Convalescent 

Positive Total n = 56 Sensitivitya (95%CI) Positive Total n - 168 Sensitivitya (95%CI) 

ELISA DENV-JEV MACE 55 56 98% (95-100) 160 165b 97% (94-100) 

RDT Dengue IgG/IgM Rapid 
Test 

67 n=112 107** 63% (53-72) 187 n=336 334b 56% (51-61) 

 OnSite Dengue IgG/IgM 
Combo 

51 112 46% (36-55) 178 334b 53% (48-59) 

 ImmunoComb® II 
Dengue IgM & IgG (EIA) 

100 112 95% (90-99) 250 255b 82% (78-87) 

 SD Duo IgG/IgM 106 112 89% (84-95) 210 255b 98% (96-100) 

 

 
Tests 

Primary Secondary 

Positive Total n = 35 Sensitivitya (95%CI) Positive Total n - 193 Sensitivitya (95%CI) 

ELISA DENV-JEV MACE 34 35 97% (92-100) 184 191b 96% (94-99) 

RDT Dengue IgG/IgM Rapid 
Test 

49 n=70b 65b 75% (65-86) 212 n=386b 386b 55% (50-60) 

 OnSite Dengue IgG/IgM 
Combo 

21 70 30% (19-41) 214 386 55% (50-60) 

 ImmunoComb® II 
Dengue IgM & IgG (EIA) 

59 70 84% (76-93) 298 306b 97% (96-99) 

 SD Duo IgG/IgM 67 70 96% (91-100) 256 306b 84% (80-88) 

 
Table 8. Sensitivity of dengue anti-DENV IgM in acute and convalescent specimens (top table) and in primary and secondary DENV infections (table 
immediately above). Adapted from Hunsperger et al (27). 
 
aCompared to anti-DENV IgM reference positive samples 
bNumber of samples tested different than total number due to either duplicates for RDTs, invalid test or equivocal result 
Acute infections: those 0-5 days post onset of fever; those 6 -14 days post onset of fever 
Primary Infection: One DENV infection; Secondary infections: ≥2 infections 
.
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In general, across all studies, the performance of MAC-ELISAs is better than the performance of IgM 
RDTs, although the heterogeneity in evaluation methodologies make comparisons among studies 
difficult (120). The significant differences in sensitivity and specificity among the commercial assays, 
particularly RDTs, to quote one observer, “is very disheartening” (64). As noted earlier in this report, 
IgM-based RDTs for DENV are not sensitive enough to diagnose acute DENV infection as a standalone 
test (120). To diagnose/confirm current DENV infection, paired sera must be used (19). Further, neither 
MAC-ELISAs nor IgM-based RDTs can determine DENV serotype, and both are subject to cross-reactivity. 
 
A summary of the operational characteristics of select assays for the detection IgM antibodies to DENV 
infection is below. 
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Table 9. Characteristics of Select Assays for the Detection of IgM Antibodies to Dengue 

ELISAs     

Test Panbio® Dengue IgM 
Capture ELISA 

PATHOZYME® Dengue 
IgM Capture 

Dengue Virus IgM 
Capture DxSelect™ 

SD Dengue IgM Capture 
ELISA 

Company Alere, USA Omega Diagnostics, UK Focus Diagnostics, USA Alere, USA 

Detection method IgM capture Indirect IgM detection IgM capture IgM capture 

Format 12 strips of 8 wells 12 strips of 8 wells 12 strips of 8 wells 12 strips of 8 wells 

No of tests/package 96 96 96 96 

Shelf life 15 months 12 months N/A 18 months 

Antigen Rec DENV serotypes 1-
4 

DENV 1-4 DENV 1-4 DENV 1-4 

Sample type Serum Serum Serum Serum 

Sample volume 10µl 10µl 10µl 10µl 

Incubation time (at 
37°C unless otherwise 
indicated) 

130 minutes 110 minutes 225 minutes at room 
temperature (20-25°C) 
or overnight 

130 minutes 

Time to result 4 hours 4 hours 6 hours 4 hours 

Storage conditions 2-8°C 2-8°C 2-8°C 2-8°C 

Regulatory  CE-IVD marked CE-IVD marked  

 

RDTs       

Test Panbio® Dengue 
Duo Cassette  

Hapalyse Dengue-M 
PA kit 

SD Dengue IgG/IgM™ Dengucheck-WB IMMUNOQuick® 
Dengue Rapid Test 

OnSite Dengue 
IgG/IgM Combo  

Company Alere, USA Pentax, Japan Alere, USA Zephyr 
Biomedicals, India 

Biosynex, France CTK Biotech, USA 

Assay Principle Lateral flow Particle agglutination Lateral flow Lateral flow Lateral flow Lateral flow 

Target Antibody IgM and IgG IgM IgG and IgM IgM and IgG IgM and IgG IgM and IgG 

Format Cassette 12 strips of 8 anti-
human IgM coated-
microwells 

Cassette Cassette Cassette Cassette 

No of tests/package 25 96 25 25   

Antigen Recombinant 
DENV 1-4 

DENV 1-4 Recombinant DENV 
1-4 envelope protein 

Recombinant 
DENV (serotype 
not specified) 

 DENV 1-4 

Shelf life 15 months      
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Sample type Serum, plasma or 
whole blood 

Serum or plasma Serum or plasma Serum, plasma or 
whole blood 

Serum, plasma or 
whole blood 

Serum, plasma or 
whole blood 

Sample volume 10µl 1µl 5µl 5µl  5µl 

Time to result 15 minutes 90 minutes 15 – 20 minutes 15 minutes 10 minutes 25 minutes 

Storage conditions 2-30°C 2-8°C 2-8°C 4-30°C 2-30°C 2-30°C 

Regulatory     CE-IVD marked CE-IVD marked 
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Combined NS1 Antigen and IgM/IgG Assays 
 
In order to enhance performance of DENV tests, one manufacturer has developed a combined NS1/IgM 
and IgG RDT, which expands the diagnostic window of opportunity since NS1 detection is best done less 
than 5 days (with NS1 peaking on days 4-6) after the onset of infection (but can be done up to 9 days 
after the onset of infection), while IgM antibodies are detectable only 4 to 5 days after the onset of 
infection. Studies have shown that combining DENV antigen and antibody-based tests can enhance the 
overall sensitivity of DENV diagnosis (23,82,121-123) and can also improve the ability to differentiate 
between primary and secondary infections. 
 
In a study comparing seven commercial antigen and antibody ELISAs for detection of acute DENV 
infection, Blacksell et al concluded that the evaluation provided strong evidence of the value of 
combining antigen and antibody assays in the ELISA format (121). The tests evaluated were the: 
(i) Panbio® Dengue Early ELISA, (2nd generation) (Alere, USA); (ii) Panbio® Dengue IgM Capture ELISA 
(Alere, USA); (iii) Panbio® Dengue IgG Capture ELISA (Alere, USA); (iv) SD Dengue NS1 Ag ELISA (Alere, 
USA); (v) SD Dengue IgM Capture ELISA (Alere, USA); (vi) SD Dengue IgG Capture ELISA (Alere, USA); and 
(vii) Platelia™ NS1 antigen ELISA (Bio-Rad, France). Samples from 239 confirmed dengue-positive 
patients in Thailand and 98 dengue-negative patients in Sri Lanka were tested. Results are summarized 
below. 
 

 Sensitivity (95%CI) for: 

 
 
Assay(s) 

Admission 
samples 
(n=239) 

Discharge 
samples 
(n=239) 

 
All samples 
(n=626) 

 
% specificity 
(95%CI) 

Dengue NS1 detection 
ELISAs 

 

Panbio® Dengue Early 
ELISA 

44.8% (38-51) ND* 44.8% (38-51) 93.2% (88-97) 

SD Dengue NS1 Ag ELISA 55.2% (49-62) ND 55.2% (49-62) 98.6% (95-100) 

Platelia™ NS1 Antigen 
ELISA 

56.5% (50-63) ND 56.5% (50-63) 100% (98-100) 

 

Dengue IgM detection 
ELISAs 

 

Panbio® Dengue IgM 
Capture ELISA 

83.2% (78-87) 93.7% (90-96) 88.6% (86-91) 87.8% (82-93) 

SD Dengue IgM Capture 
ELISA 

74.4% (69-80) 95.0% (91-97) 84.9% (81-88) 97.3% (93-99) 

 

Dengue IgG detection 
ELISAs 

 

Panbio® Dengue IgG 
Capture ELISA 

39.8% (4-46) 72.8% (67-78) 56.4% (52-61) 95.3% (91-98) 

SD Dengue IgG Capture 
ELISA 

81.2% (76-86) 96.2% (93-98) 88.9% (86-92) 63.5% (55-71) 
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Combined dengue IgM 
antibody and NS1 
detection ELISAs 

 

Panbio®  87.9% (83-92) ND 87.9% (83-92) 84.5% (78-90) 

SD 87.4% (83-91) ND 87.4% (83-91) 95.6% (91-99) 

Table 10. Overall levels of diagnostic accuracy and sensitivity for seven ELISAs. Adapted from Blacksell 
et al (121). 
*ND – not determined 
 
This study highlights that the sensitivities of each of NS1 antigen, IgM or IgG assays alone are insufficient 
to diagnose DENV infection, but the authors conclude that the combination of NS1 antigen and IgM 
antibody testing “provides the ideal balance of high sensitivity and specificity” (121). In particular, both 
the Panbio® and SD NS1 and IgM ELISAs, when used in combination, resulted in “acceptably high levels 
of accuracy for the diagnosis of dengue infection across the entire temporal spectrum of illness” (121). 
Per the authors, the study also demonstrated the poor diagnostic value of IgG assays alone for the 
diagnosis of acute DENV infection. Additional findings included that there is still a need to be aware of 
the possibility of false positive results due to the persistence of DENV IgM antibodies from a previous 
DENV infection, and that while all of the assays were able to detect all four DENV serotypes, five of the 
seven assays demonstrated significant differences in positivity for the different serotypes (121). 
 
For resource-limited settings, the ease-of-use of RDTs is generally preferred over ELISAs, and there is 
now one combination NS1/IgM/IgG-based RDT commercially available from SD, the SD Dengue Duo RDT 
(NS1 with IgM/IgG) (Alere, USA, pictured below). 
 

 
Figure 6. SD Dengue Duo RDT 
 
In addition, two RDTs from Panbio® can be used in combination, the Panbio® Dengue Early Rapid Kit 
(NS1) (Alere, USA) and the Panbio Dengue Duo Cassette (IgM/IgG) (Alere, USA). In a comparative study 
in Thailand by Blacksell et al, the sensitivities of the individual NS1-based assays from each of SD and 
Panbio® were 48.5% and 58.6%, respectively, and the sensitivities of the IgM-based assays were 79.2% 
and 70.7%, respectively (90). However, the sensitivity of the NS1 and IgM/IgG from SD was 92.9% and 
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the sensitivity of the NS1 and IgM/IgG assays from Panbio® run in combination was 89.9% (90). The 
overall results are summarized below. 
 

Type of antibodies or 
antigens 

Test Sensitivity (95%CI) Specificity (95%CI) 

IgM antibodies SD  79.2% (70.5-87.2) 89.4% (83.5-93.7) 

Panbio® Dengue Duo 
Cassette (IgM/IgG) 

70.7% (60.7-79.4) 80.0% (73.0-85.9) 

 

NS1 antigen SD NS1 Ag 48.5% (38.5-58.7) 99.4% (96.6-100) 

 Panbio® Dengue Early 
Rapid 

58.6% (48.2-68.4)  92.5% (87.3-96.1) 

 

IgM antibodies and 
NS1 antigen 

SD Dengue Duo RDT 
(NS1 with IgM/IgG) 

92.9% (83.9-97.1) 88.8% (82.8-93.2) 

 Panbio® combination 89.9% (82.2-95.0) 75.0% (67.6-81.5) 

Table 11. Overall diagnostic sensitivity and specificity of Standard Diagnostics and Panbio NS1 and IgM 
assays. Adapted from Blacksell et al (90). 
 
Additional findings from the study were that all IgM-based antibody assays were cross-reactive with 
samples from patients with confirmed non-DENV infections; for example, all such assays demonstrated 
false positive results with CHIKV samples (90). Also, the timing of the specimen collection had an 
influence on the accuracy of the RDTs, with NS1 antigen detected more often than the IgM antibody in 
the acute phase of DENV infection. When the NS1 and IgM RDT results for the SD assay and the Panbio® 
assays were combined, the assays demonstrated consistently high sensitivity in acute-phase specimens 
collected over a wide range of days, 100% to 88% for the SD assay and 100% to 90% for the Panbio® 
assays, but there was a loss of specificity (90).  
 
Fry et al found similar results in a study of the Panbio® Dengue Early Rapid (NS1) and the Panbio® 
Dengue Duo Cassette (anti-IgM/IgG) assays when tested in combination on 263 patient serum samples 
in Malaysia (124). When used alone, the sensitivities of the Dengue Early Rapid and Dengue Duo 
Cassette were 62.0% and 72.5%, respectively. However, when used in combination, the overall 
sensitivity of the two tests was 93.0% (95% CI: 85.2-92.8), although there was a slight loss in specificity 
(124). 
 
Several additional evaluations of the Alere SD Dengue Duo RDT have also been performed. These are 
summarized briefly below: 

 A study by Wang and Sekaran performed on 420 patient serum samples in Malaysia found that 
the assay had a sensitivity of 88.65% (95% CI: 84.04-93.26) and a specificity of 98.75% (95% CI: 
95% CI: 96.26-100) (125). 

 An evaluation by Gan et al in Singapore of the same assay on 151 specimens found overall 
sensitivity and specificity were 93.9% (95% CI: 88.8-96.8) and 92.0% (95% CI: 81.2-96.9) (126). 
Similarly, a study by Vickers et al on 309 DENV and 30 non-DENV archived single serum DENV-1 
samples in Jamaica found overall sensitivity of the SD Dengue Duo RDT to be 97.5% (95% CI: 
92.9-99.2) and overall specificity was 98.9% (95% CI: 96.0-99.7) (127). 

 An evaluation of the SD Dengue Duo by Carter et al in Cambodia on 337 specimens from 
children found relatively poor overall sensitivity of 57.6% (95% CI: 45.4-69.4) and specificity of 
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85.3% (95% CI: 80.3-89.5) (128). As expected, sensitivities with respect to NS1 antigen alone 
and IgM antibody alone were lower, 60.8% and 32.7%, respectively, but specificities were 
higher, 97.5% and 86.2%, respectively (128). The authors indicate that their study showed a 
lower incidence of reference assay positive DENV infection in comparison to other studies of 
the SD Dengue Duo assay, which may account for the seemingly lower sensitivity, but also 
conclude that other explanations include differential sensitivity of the assay to the circulating 
anti-DENV antibodies (DENV 1-3 serotypes) that are found in Cambodia or differing incidence of 
primary and secondary infections in other studies, which were not assessed in this study (128). 

  Also in Cambodia, Andries et al combined both retrospective samples (167) and prospective 
samples (157) to conduct evaluations of the SD Dengue Duo test both in hospital laboratories 
(field settings) and the national reference laboratory (Institut Pasteur in Cambodia) (129). In the 
hospital laboratories, the overall sensitivity and specificity of the combination tests were 85.7% 
(95%CI: 78.4-91.3) and 83.9% (95%CI: 66.3-94.5), respectively; in the national reference 
laboratory, the sensitivity and specificity of the combination tests were 94.4% (95%CI: 88.9-
97.7) and 90.0% (95%CI: 73.5-97.9) (129). This illustrates the need for training and quality 
assurance when the tests are used in field settings. In general, the findings of this study were 
consistent with those found in other studies of the performance of NS1 RDT assays alone – e.g., 
the test’s sensitivity declined significantly as the time interval between onset of fever and 
sample collection increased – and of the performance of IgM/IgG RDT assays alone – e.g., 
sensitivity of the test was significantly higher in patients with secondary than primary infections 
(129). 

 
Pal et al recently conducted a prospective, controlled, multicenter study of four DENV diagnostics from 
Alere, USA using 1,021 samples collected from Peru, Venezuela, Cambodia and USA (Texas) and an 
additional 135 archived, well-characterized samples from an additional 135 individuals from Thailand 
(130). The assays evaluated were: (i) two RDTs, the SD Dengue Duo (NS1 Ag and IgG/IgM) and the 
Panbio® Dengue Duo Cassette (IgM/IgG), and (ii) two ELISAs, the Panbio® Dengue IgM and IgG Capture 
ELISAs.11 Reference tests were done on all samples using an algorithm consisting of virus isolation, in-
house IgM and IgG capture ELISAs, and PRNT assays. The authors note that the study was undertaken 
using a quality systems approach to good clinical laboratory practice (GCLP) suitable for data submission 
to the U.S. Food and Drug Administration (FDA) for product clearance (130). 
 
The primary goal of the study was to determine the clinical sensitivities and specificities of each of the 
assays. With respect to the ELISA assays, the Panbio® Dengue IgM Capture ELISA had a sensitivity of 
87.6% (95%CI: 82.7-91.4) and specificity of 88.1% (95%CI: 82.2-92.6) during days 4 – 14 post-symptom 
onset (p.s.o.); the Panbio® Dengue IgG Capture ELISA had a sensitivity of 69.6% (95%CI: 62.1-76.4) and 
specificity of 88.4% (82.6-92.8) during that same period. With respect to the RDTs, the SD Dengue Duo 
had an overall sensitivity of 87.3% (95%CI: 84.1-90.2) and specificity of 86.8% (95%CI: 83.9-89.3) during 
the first 14 days p.s.o; the Panbio® Dengue Duo Cassette had an overall sensitivity of 92.1% (95%CI: 87.8 
to 95.2) and specificity of 62.2% (95%CI: 54.5-69.5) days 4 – 14 p.s.o. (130). 
 
The performance of each of the tests in serum samples, broken out by days p.s.o., is summarized below. 

                                                           
11 Note that one of the investigators is an employee of Alere. 
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 Tests No. of specimens that were:   

Days p.s.o. ELISA  TP FN FP TN Sensitivity (95%CI) Specificity (95% CI) 

0-3  IgM ELISA 83 166 41 540 33.3% (27.5-39.6) 92.9 (90.6-94.9) 

4-8   143 28 19 124 83.6% (77.2-88.8) 86.7% (80.0-91.8) 

9-14   68 2 1 24 97.1% (90.1-99.7) 96.0% (79.7-99.9) 

15+   199 48 41 530 80.6% (75.1-85.3) 92.8% (90.4-94.9) 

4-14   211 30 20 148 87.6% (82.7-91.4) 88.1% (82.2-92.6) 

 

0-3  IgG ELISA 40 216 45 530 15.6% (11.4-20.7) 92.2% (89.7-94.2) 

4-8   79 90 18 127 46.7$ (39.0-54.6) 87.6% (81.1-92.5) 

9-14   56 14 2 25 80.0% (68.7-88.6) 92.6% (75.7-99.1) 

15+   226 24 56 508 90.4% (86.1-93.8) 90.1% (87.3-92.4) 

4-14   135 104 20 152 56.5% (49.9-62.9) 88.4% (82.6-92.8) 

 

0-3 RDT Panbio® RDT 120 130 213 371 48.0% (41.7-54.4) 63.5% (59.5-67.4) 

4-8   145 17 56 90 89.5% (83.7-93.8) 61.6% (53.2-69.6) 

9-14   64 1 9 17 98.5% (91.7-100.0) 65.4% (44.3-82.8) 

15+   248 5 242 339 98.0% (95.5-99.4) 58.3% (54.2-62.4) 

4-14   209 18 65 107 92.1% (87.8-95.2) 62.2% (54.5-69.5) 

 

0-3  SD RDT 206 51 57 429 80.2% (74.8-84.9) 88.3% (85.1-91.0) 

4-8   159 11 24 93 93.5% (88.7-96.7) 79.5% (71.0-86.4) 

9-14   69 1 2 23 98.6% (92.3-100.0) 92.0% (74.0-99.0) 

15+   232 15 73 495 93.9% (90.2-96.6) 87.1% (84.1-89.8) 

0-14   434 63 83 545 87.3% (84.1-90.1) 86.8% (83.9-89.3) 

Table 12. Test performance of assays using serum, stratified by days p.s.o. Adapted from Pal et al (130). 
TP = the number of true positives; FN = number of false negatives; FP = number of false positives; TN = number of true negatives when compared with 
the reference method. 
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Pal et al noted their results for clinical sensitivity and specificity are in “broad agreement” with previous 
evaluations of these same assays, but indicated that there is quite a bit of heterogeneity in the way the 
studies were designed, the inclusion criteria used for the samples and the reference tests employed 
(130). The goal with respect to the Pal study was to generate reliable performance data under field use 
conditions (point-of-care testing by healthcare providers and testing by laboratory technicians without 
product-specific training) by using GCLP quality systems in both endemic and nonendemic DENV settings 
using a comprehensive reference methodology. Of particular interest for employing the RDTs evaluated 
in this study in resource-limited settings is that the SD Dengue Duo exhibited good sensitivity using 
fingerstick whole blood (87.7% [95%CI: 76.3-94.9]; the sensitivity of the Panbio® Dengue Duo Cassette 
using whole blood was 63.5% (95%CI: 55.0-69.5) (130). 
 
Like other investigators, Pal et al found that the most sensitive and useful assays are those that combine 
NS1 with IgM/IgG. They found that regardless of the country, most patients sought medical attention for 
dengue-like symptoms on days 0 to 3 p.s.o., and during that period, the SD Dengue Duo performed 
significantly better (sensitivity better than 80%) than the other assays tested; the assay was also more 
specific than the Panbio® Dengue Due Cassette (128). Per the authors, this study also demonstrated that 
the SD Dengue Duo is effective in distinguishing between primary and secondary DENV infection when 
read on days 4-8 p.s.o. They concluded that the SD Dengue Duo is a useful tool at the point-of-care for 
diagnosing patients with suspected DENV in resource-limited settings, but that because of its low 
specificity, the Panbio® Dengue Duo Cassette may require confirmatory testing for which the Panbio® 
Dengue IgM ELISA would be suitable (128). 
 
Finally, Hunsperger et al. evaluated the diagnostic performance of the SD Dengue Duo RDT during 
suspected outbreaks of acute DENV infection in four countries (Marshall Islands, Yap Island of the 
Federated States of Micronesia, Angola and Fiji) in areas without ongoing laboratory testing (131). This 
study is the first to evaluate the performance of the SD Dengue Duo in outbreak response. 
 
Serum specimens were collected from all suspected cases of acute DENV infection along with such 
patient demographics as days p.s.o. and specimen collection date. A second convalescent specimen was 
not collected. Specimens underwent confirmatory diagnostic testing using both the CDC rRT-PCR and 
anti-DENV IgM ELISA (InBios, USA) (136). 
 
There were 882 patient specimens used in the study. The overall sensitivity of the RDT NS1 test for all 
four sites was 65.9% (95%CI: 62.2-69.4); specificity was 80.9% (95%CI: 77.8-83.8); and accuracy was 
73.4%. The overall sensitivity of the anti-DENV IgM RDT was 69.9% (95%CI: 62.0-77.0); specificity was 
75.9% (95%CI: 74.5-79.1); and accuracy was 76.2% (136). As found in other studies, the sensitivity of the 
test varied both by timing of specimen collection and DENV serotype; combined test results improved 
the sensitivity of the test somewhat. Despite the modest sensitivity of the test (but higher specificity) 
compared to the reference tests, the test was able to correctly identify each of the outbreaks as being 
caused primarily by DENV. This, in turn, activated a public health response focused on implementing 
timely clinical case management (136). 
 
Considering all of the studies that have been done evaluating the use of combined NS1 antigen and 
IgM/IgG antibody serology testing, the general conclusion with respect to these assays is that using 
them can increase the sensitivity of acute DENV diagnosis and can enhance classification of primary and 
secondary infection. But, further research is needed in non-endemic settings (90) to examine the 
potential differences between pediatric and adult DENV-positive patients and their effects on the tests 
(90,128); to determine the best antigens for detection (90); to more fully assess performance across all 
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four DENV serotypes (126); to address the issue of cross reactivity/false-positive tests (121,125,127); 
and to address the loss of specificity that sometimes occurs in combination testing (124). 
 
Diagnostics in the Pipeline for Confirming Dengue Virus Infection 

 
Current NAAT-based assays for DENV described in this report require testing to be done in a laboratory 

setting, generally speaking at a central or national reference laboratory, by well-trained technicians. Each 

requires dedicated space, clean rooms and other specialized and sophisticated infrastructure to diminish 

contamination and assure accurate testing. NAAT-based testing that could be conducted at the point of 

patient care would reduce the need for such infrastructure and would reduce the level of training 

required. In addition, the availability of quality point-of-care testing would ensure that patients with 

suspected dengue infection would have access to the testing tools they deserve with same-day test results 

for clinical management and outbreak response. 

There are a number of NAAT-based platforms either available or in the pipeline that have the potential 
to be used for the diagnosis of acute DENV infection, but to date, only one such assay, the Truelab™ Real 

Time micro PCR System (India), is available. Other manufacturers have not developed DENV assays for 
these platforms and would need to be encouraged to do so. Several of these are described below. 
 
Truelab™ Real Time micro PCR System (Molbio Diagnostics Pvt. Ltd. (A Tulip Group – Bigtec labs 

partnership)) 

Molbio Diagnostics has developed a comprehensive, rapid, near-patient RT PCR platform, called the 

Truelab™ Real Time micro PCR System. The system is portable and includes all instrumentation, reagents 

and essential accessories that are required for the operator to conduct a real time, quantitative PCR 

assay, from sample preparation through to final result reporting, all within one hour. A Truelab™ micro 

PCR printer is also available. The system works on ready-to-use Truenat™ disease-specific assays that 

are stable at room temperature. Assays for MTB, HBV, DENV, CHIKV, H1N1 and malaria (both P. 

falciparum and P. vivax) are currently available, and assays for CT, NG, and HIV viral load, among others, 

are in development.  

The testing process begins with sample collection (blood, serum or plasma) followed by extraction, 

which uses the Trueprep™ MAG Sample Prep Device and Trueprep Mag sample prep kits. The extraction 

process takes about 20–25 minutes per sample. From there, 6 µL of the extracted nucleic acid is 

dispensed into the reaction well of the disease-specific Truenat™ micro PCR chip. The chip, which 

contains all of the chemistry required to complete an assay, is then inserted into the Truelab™ Uno Real 

Time micro PCR Analyser, pictured below. Thermal cycling takes place automatically within the analyser. 



May 2017 

37 
 

 

 

Figure 11. Truelab™ Real Time micro PCR System 

During amplification, the Truenat micro PCR chip exponentially releases flurophores. These signals are 

captured by sensors and are displayed as an amplification curve on the Truelab screen. Test results are 

compared to lot-specific standard values preset into the Truenat chip, which enables quantitative 

estimation of the test analyte and display as RT PCR results in approximately 30 minutes. An internal 

control is provided from the extraction stage for a complete validation of the test results. 

There are no peer-reviewed, published studies on the Truelab™ DENV assay. 

 
Alere™-i Platform (Alere Inc.) 

The Alere™-i platform (pictured below) from Alere is an instrument-based, molecular diagnostic test 

utilizing isothermal nucleic acid amplification technology (iNAAT) for the qualitative detection of 

infectious disease targets. Molecular testing involves the extraction and analysis of DNA or RNA 

strands to detect sequences associated with viral and bacterial causes of infections. The proprietary 

technology embodied in the Alere™-i platform utilizes iNAAT, which, unlike polymerase chain 

reaction (PCR) testing, does not require temperature cycling and can therefore deliver results more 

quickly and to a broader range of settings. Alere has acquired several companies with iNAAT 

technologies, including RPA, a nucleic amplification system that uses prokaryotic enzymes 

(recombinases) to guide synthetic oligonucleotide primers to target sites in sample nucleic acids, 

and NEAR, which uses DNA polymerase and a nicking endonuclease. Assays developed for the 

Alere™-i platform may use various iNAAT technologies. 

Alere™-i Influenza A & B is now available in select European countries and is the first molecular 

diagnostic test that delivers actionable, lab-accurate results in less than 15 minutes on a user-

friendly platform. Tests for Strep A, C. difficile and respiratory syncytial virus (RSV) are currently in 

development. A CT/NG assay has been developed for the platform and clinical trials for the assay 

are expected to commence in early 2016. 
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Figure 12. Alere™-i Platform 
 
 
GeneXpert® Omni (Cepheid) 

Cepheid recently introduced its new GeneXpert® Omni platform (pictured below). The platform 

leverages off of its existing cartridge technology. However, unlike the existing technology, the Omni is 

highly portable, measuring just 9 inches tall (about 23 cm) and weighing 2.2 pounds (about 1 kg). The 

platform is battery-operated (with up to 4 hours of operation and a supplemental rechargeable battery 

with an additional 12 hours of battery life), and is wireless and web-enabled. Advanced microfluidics 

regulate all aspects of the testing process within the test cartridge – from sample preparation and 

nucleic acid extraction to amplification and detection. Additionally, the platform has solid state digital 

electronic architecture, which means it is durable. 
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Figure 13. GeneXpert® Omni Platform 

The Omni platform uses a dedicated mobile device to control each test module. The platform uses 

secure cloud-based connectivity to integrate real-time data streams. A single system module can store 

more than 20,000 test results. 

The cost of the platform, including the Omni single module platform, the dedicated mobile device, an 

AC/DC power cord (country specific) and the supplemental rechargeable battery power supply, is 

expected to be US$ 2,895. 

The Omni system is expected to be available in the first half of 2017. The initial assays available on the 

system will be the Xpert® MTB Ultra, Xpert® HIV-1 Qualitative, Xpert® HIV-1 viral load, Xpert® HCV viral 

load and Xpert® Ebola. Assays for CT/NG and HPV are expected to be available in 2018. The company is 

considering the development of a DENV assay, but a final decision has not been made. 

cobas® Liat System (Roche Molecular Diagnostics) 

The cobas® Liat System, pictured below, is a compact, real-time PCR platform designed for on-demand 

STAT testing at the point of care or in the laboratory to support time-sensitive diagnoses and treatment 

decisions. All nucleic acid testing processes are fully automated, including sample preparation, 

amplification and real-time detection for qualitative and quantitative results. Each cobas® Liat assay 

tube contains all assay reagents for a single test. 

The System currently has assays clinically validated, CE-IVD marked and FDA cleared for the detection of 

Influenza A/B and Strep A. The cobas® Strep A test has received CLIA Waiver from the FDA. A CLIA 

waiver means that there is little risk of error due to the simple use of the test. Assays for HIV are under 

development and additional assays are being planned, although there are no definitive plans for a DENV 

assay. 
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Figure 14. cobas® Liat System 

 

 

 

 

 

 

 

 

 

The cobas® Liat Analyzer compresses the assay tube to move the sample and selectively release 
reagents from tube segments, under temperature controlled conditions. 
 

To aid the operator and provide reliable results, the cobas® Liat System incorporates a variety of 

intelligent and advanced features. The system self-checks at power on and has an error diagnostic 

system with comprehensive real-time monitoring, continuous self-calibrations and error message 

display. Sample and quality control features include barcode data entry that avoids errors in sample or 

assay coding and on-screen prompts provide easy-to-follow directions to guide the operator through 

sample loading and tube insertion. Volume sensing ensures the appropriate amount of sample is used 

for the test, or delivers a warning if the sample volume is insufficient. A comprehensive set of sensors 

further monitors system operations in real time. Internal Controls are pre-packed and processed 

through every step, and quality control reagents are provided with each new assay tube lot. 

As illustrated below, the test procedure is straightforward, with no sample manipulation or reagent 

loading steps, other than inputting the sample directly into the cobas® Liat tube. The cobas® Liat System 

is a closed system, thus minimizing cross-contamination and biohazard risks, and allowing testing to be 

performed in non-laboratory or near patient facilities. The cobas® Liat System is small and portable 

weighing 3.76 kg. It executes all required assay steps and reports a test result in 20 minutes (Influenza 

A/B) and 15 minutes (Strep A).  

1
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Figure 15. cobas® Liat Analyser and test procedure 
 
The cobas® Liat System has an internal optical system that provides independent optical detection 

channels for real-time monitoring and quantification, allowing for the detection of multiple targets in 

each test and providing future expandability for detection of multiple diseases. It can be powered by AC 

mains or by battery, allowing mobile use. 

No price information is available on either the instrument or the individual assays for resource-limited 

settings. Roche launched the system in the US at the end of 2014 and is planning to expand globally. 

Although the company is considering a variety assays for the cobas® Liat System, no decision has yet 

been made about which assays might be added and when. The stability profile for future assays is also 

not available at this time.  

The above are only a handful of new NAAT and iNAAT platforms in development, many of which could 
be used for confirmatory DENV testing in resource-limited settings. In order to encourage manufacturers 
to develop targeted dengue assays, the development of target product profiles will be helpful. Market 
sizing will also be important. 
 
Next Generation Diagnostic Technologies 
 
In addition to the molecular platforms for use at or near the point of patient care described above, 
diagnostic platforms/tests are being developed using a variety of next generation technologies that may 
make it possible to further enhance diagnostic capabilities at or near the point of patient care in 
resource-limited settings. The development of techniques that permit microscale fabrication and 
processing methods using silicon and the advances in plastics engineering can facilitate mass-produced, 
low cost, ultra-portable instrumentation with sophisticated sample and information processing 
capabilities that can be used effectively in diagnostics for use at the point of care (136). 
 
Diagnostics involve two key processes:  sample preparation and target detection. Sample preparation 

has proven to be a quite challenging problem. Specimens, including blood and body fluids, generally 

contain a significant amount of cells (e.g., proteins, DNA, etc.) other than the target analyte. These 
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cells/debris need to be removed prior to target detection. But simplifying and miniaturizing sample 

preparation protocols have proven to be difficult. 

Once the target biomarker has been washed and purified (and amplified in the case of nucleic acids), 

target detection is required. A number of techniques have been developed to detect biological signals at 

the micro- and nanoscale. These include optical sensing methods (e.g., from using color changes visible 

to the human eye to single-molecule fluorescence sensors), as well as electrochemical, electromagnetic 

and mass sensors. New technologies for sample preparation and target detection are generally 

characterized as microfluidics and nanotechnology, respectively, a few of which are described below. 

Microfluidic Sample Preparation 

There are a variety of microfluidic sample preparation approaches. These include mechanical, magnetic, 

electrokinetic, immunoaffinity, and chemical techniques. The approach used for any particular 

diagnostic will depend on both the sample type (e.g., whole blood, serum) and the target analyte. As an 

example, immunoaffinity techniques can be used in microfluidic sample processing when an antibody 

with specificity for the target is available. Micro- or nanoparticles, particularly magnetic particles, 

functionalized with antibodies can be mixed with the sample to bind the analyte and then separated 

downstream. Other techniques, like hydrodynamics models using channel designs to induce turbulent 

flow and electrokinetic methods to enrich or concentrate a target in a biological sample are also being 

examined. However, to date, most of these methods have drawbacks and they have generally not been 

commercialized. 

Micro- and Nanoscale Detection Technologies 

Similarly, micro- and nano-technologies offer a number of potential solutions for disease detection, but 
each technology has advantages and disadvantages for use at the point-of-care. Non-optical detection 
methods, including electrical impedance sensing, are attractive for their simplicity; while optical sensing 
methods have often proven to be too costly and cumbersome, requiring large lasers, photodetectors 
and cameras, many of which are not robust. However, the latest advances in camera technologies put 
increasingly sophisticated imaging ability into smartphones, which are already being used for diagnostic 
applications, in particular as readers for RDTs. 
 
One example of a nano-technology using optical detection is the BluSense Platform (BluSense 

Diagnostics, Denmark), which is developing POC assays for detection DENV as well as for the 

simultaneous detection and differentiation of DENV/ZIKV/CHIKV infections. The BluSense Platform 

(pictured below) uses microfluidics and a patented opto-magnetic nanoparticle-based readout 

technology to detect viral RNA, antigen NS-1, and specific IgG/IgM antibodies in approximately 9 
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minutes from a single drop of whole blood.

 

Figure 16. BluSense BluBox Platform 

Principle - The BluSense solution consists of an easy to use reader (the BluBox) and a single-use test 

cartridge (the VIRO-Track), specifically designed to detect and quantitate various viruses, including 

DENV, ZIKV and CHIKV. The platform contains embedded connectivity as well. The key technological 

innovation at the heart of the BluSense Platform is based on the immune-magnetic agglutination format 

and opto-magnetic readout. For example, for the DENV assay, commercial superparamagnetic 

nanoparticles are coated with coupled anti-DENV NS-1 antibodies (for NS-1 detection) or DENV envelope 

proteins (for IgM/IgG detection) capable of forming sandwich agglutination in the presence of the target 

analyte.  

 

Figure 17. BluSense Solution Workflow 

Technology - An AC magnetic field is then used to force nano-cluster rotation, which causes a temporal 

scattering, cross-sectional variation that is optically measured using a Blu-ray laser unit and a 

photodetector, based on mass-produced electronics components. The phase difference between the 

applied field and the modulated transmitted light through the nanoparticles precisely correlates with 

the amount of target analyte (DENV antigen or specific antibodies). The readout system is implemented 

on a polymer microfluidic cartridge based on centrifugal microfluidics, which allows fast blood plasma 

separation, metering, mixing and resuspension of dry nanoparticles without the need for any user 

sample preparation. 

Commercialization - The BluSense Viro-Track DENV assays are expected to go through laboratory and 

field-evaluations starting Q2, 2017 (in collaboration with various institutes in South-East Asia, Latin 
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America and Africa) and are expected to be commercially available by Q3/Q4, 2017. Blusense ZIKV and 

DENV/ZIKV/CHICKV differential are currently in development and expected to be commercially available 

early 2018.   

 

Figure 18. BluSense Viro-Track Portfolio 

Some of the most frequently employed optical detection methods are fluorescence, absorbance and 

chemiluminescence (137). Fluorescence is the most common of these used in diagnostics, including in 

microscopy, flow cytometry and PCR. Micro-scale approaches often use fluorescence detection, 

frequently incorporating a laser or light emitting diode (LED) for excitation of the tag. For example, 

fluorescence microscopy has been a standard method of detecting mycobacterium bacteria (TB) in 

sputum samples. More recently, LED-based microscopy has increased access to microscopy in resource-

limited settings.  

Fluorescence is also commonly used as an indicator in NAAT-based testing, either as a DNA intercalating 

dye or as part of a fluorophore-quencher system conjugated to probe DNA. Many NAAT-based platforms 

use isothermal amplification (e.g., the Alere™-i platform), and these have been commercialized, 

although none is yet an ultra-portable, handheld device. In addition, Micronics, Inc., a subsidiary of Sony 

Corporation of America, has developed the PanNAT system (pictured below), which is a small, portable 

microfluidic platform for near-patient use in in vitro molecular diagnosis of infectious diseases in 

resource-limited settings. It is a fluorescent-based reader capable of processing individual, disposable, 

assay-specific test cartridges, each of which is designed to perform a single and/or multiplexed nucleic 

acid assay. The cartridge includes all necessary reagents on board. The system is lightweight, mains-

powered, can store up to 1000 test results before prompting the user to download or delete results, and 

can provide results in approximately 1 hour, depending upon assay parameters. Battery-operation and 

WiFi-enabled options will be available with results output to USB, local network, LIS/HIS and printer. 
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Figure 19. PanNAT® Platform 

The PanNAT® test cartridge incorporates all required reagents and controls for purification, 

amplification and detection, and because it is a closed cartridge system, there is no PCR product cross-

contamination. The cartridge design permits storage at ambient temperatures for prolonged periods. All 

waste is captured in the cartridge for safe disposal. 

Micronics has a number of tests in development, including tests for certain sexually-transmitted 

infections (STIs), respiratory and healthcare-associated Infections (the specifics of which are 

confidential), an assay for Shiga toxin-producing E-coli, as well as other infectious disease diagnostics. 

Commercial launch of a first test and system is targeted for 2016. There are no current plans for a 

dengue assay. 

In addition to fluorescence, colorimetry and chemiluminescence techniques are also being used in 

diagnostics for use at the point of care. Colorimetry has the advantage of providing a signal that is visible 

to the naked eye, which can eliminate the need for cameras in tests. Drawbacks include that instrument-

based analysis of colorimetric signals is not as precise as other methods. Chemiluminescence, on the 

other hand, has the advantage of not requiring an external light source, but has the drawback that there 

are limited reagents available to produce such a signal. At least one diagnostic tool based on a 

chemiluminescent optical fiber immunosensor (OFIS) has been developed for the detection of IgM 

antibody to DENV in human serum (138). It is based on colorimetric IgM capture, MAC-ELISA, and when 

compared to standard colorimetric MAC-ELISA, was found to have a lower limit of detection. Therefore, 

it is useful at low analyte concentrations; sensitivity and specificity were found to be 98.1% and 87.0%, 

respectively (138). 

Additional optical detection technologies include a lens-less shadow imaging technique, plasmon 

resonance, and shadow imaging, which has been used for whole cell detection in microfluidic devices. 

Most of these methods have not yet been commercialized. However, at least one such method, surface 

plasmon resonance (SPR), has shown promise in diagnostics for DENV. It is a method that depends on 

the coupling of light with plasmon on a metallic surface (139). The advantages of SPR include that it is a 

label-free method that can characterize binding reactions in real-time, uses very little specimen, and 
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generates reproducible results with relative ease and in a reasonable time. It also yields excellent limits 

of detection (139,140). Kumbhat et al have demonstrated that SPR is a reliable, label-free and real-time 

method that could be made into a biosensor for diagnosis of DENV infection (141). Another study 

demonstrated that a rapid IgM-based dengue diagnostic test using a SPR biosensor could be used for 

rapid, 10-minute point-of-care detection of DENV antibody in human serum samples with very good 

sensitivity and specificity (83 – 93% and 100%, respectively) (142). A recent paper described a localized 

SPR to diagnose DENV NS1 using an all-optical fiber sensor that exploited specular reflection from gold 

nanoparticles (143). Results were in the range of serum NS1 antigen concentrations detected by a 

sensitive capture ELISA in patients with acute DENV infection. While SPR assays appear to be promising, 

with respect to use at or near the point of patient care, further miniaturization of optical and electronic 

components is needed. As of now, the test devices are quite bulky and none is commercialized (23). 

Nonoptical Methods of Detection 

In addition to optical methods of detection, there are also non-optical methods, which have their own 

advantages and disadvantages. Although electrical sensing techniques are frequently simpler and less 

expensive than optical methods, the downside is that they typically rely heavily on sample processing 

steps to remove background noise.  

One electrical sensing method that has shown promise is electrical impedance spectroscopy (EIS), which 

generally using microfabricated electrodes, measures electrical impedance of an aqueous solution as a 

function of AC frequency. Some commercial applications are already emerging. One of these is an EIS 

biosensor that was fabricated using gold electrode immobilized concanavalin-A (ConA) by means of gold 

nanoparticles and polyvinyl butyral for probing glycoprotein patterns in blood during dengue infection 

(144). In another development, binding of DENV serotype 2 viral particles to its serotype-specific IgG 

antibody was measured by EIS on a nanoporous alumina membrane, which allowed quantitative 

detection of the virus within 40 minutes (145). In addition, an EIS DNA biosensor based on a nanoporous 

alumina membrane has been developed for the detection of DENV oligonucleotide sequences (146). It 

therefore seems that label-free, simple, sensitive and cost-effective EIS tools for use at the point-of-care 

are on the near-term horizon. However, most of the development and testing of these assays have 

taken place in highly-controlled laboratory environments. There is still a lot that has to be done to 

translate these promising technologies into devices that can be used effectively in resource-limited 

settings. 

Another interesting technology using electrochemical sensing is quartz crystal microbalance (QCM), 

which is a piezoelectric transducer that can measure sensitive mass changes in vacuum, gas and liquid 

phases (139). QCM allows the detection of binding events between trace medical analytes and receptors 

on its surface (23). The technique has the potential to produce sensitive and easy-to-use assays that can 

generally use raw specimens and can be integrated with compact analytical devices, which should be 

affordable (23). The disadvantages of QCM include the lack of reproducibility on the amount of 

antibodies immobilized on the crystal surface and viscosity drag in the liquid phase (147). Several 

potential assays using QCM have emerged. In one case, the capture antibodies on the QCM were 

replaced by a thin film of molecularly imprinted polymers (MIPs), which had specific binding sites for 

DENV NS1 (148). The imprinted surfaces exhibited highly selective recognition for NS1 in clinical 

specimens. Assay time was less than one hour and results correlated with the ELISA reference test and 

were in concordance with the clinical diagnosis (148). In another approach, real-time circulating-flow 
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QCM biosensors combining oligonucleotide-functionalized gold nanoparticles (AuNP probes) was used 

to specifically detect the DNA fragment that is amplified from the DENV genome. The method involves 

layer-by-layer hybridization of AuNP probes (149). The sensitivity and specificity of this method were 

comparable to fluorescent real-time PCR, but the method is label-free and does not require expensive 

equipment (23). Although further improvements are needed to improve the robustness of these QCM 

assays, they appear to be promising. 

In addition, a diagnostic platform from Aalto Bio Reagents (Ireland), the IDAlert platform, is the first lab-

on-a-chip technology that uses an electrochemical immunoassay technology with an immune-electrode 

detector to produce a sample to answer result in less than 15 minutes on a patient sample. The 

technology utilizes a self-contained, portable electrochemical enzyme linked immunoassay (EEIA) 

system composed of a handheld battery operated electronic reader and sample assay chip card. The 

sample is applied to the chip card via a sampling strip that contains reagents required for a specific ELISA 

procedure. The card is inserted into the reader and the test begins. 

The chip detection methodology is based on charge measurement or coulometry for the detection and 

sensitive quantitation of peroxidase labels in EIAs. The detector uses a series of electrodes coated with 

antigen specific for the target antibody. The chip also houses pressure-sensitive cavities and the 

reagents are moved throughout the card via a series of microchannels to the detector through pin 

actuation. The technology has been developed over a number of years particularly to focus on the 

unmet need for diagnosing emerging or re-emerging diseases like Ebola, Marburg, MERS and existing 

STIS - CT, NG, HIV, HPV, HSV, syphilis, and TB. With diabetes in mind, it is envisaged that the technology 

can also be rolled out to help with chronic disease management. The system is being tested against 

predicate FDA and CE marked devices at present, and the first clinical comparative data will be publically 

available in 2016. 

In addition to EIS, QCM and other methods that depend on nanoscale sensitivity instrument-based 

biosensor design, there are also diagnostics that depend on nanoscale material-based biosensor design 

(139). These include nanowires, liposomes and nanopores.  

Nanowires 
 
Nanowires are wires with diameters in the nanometer range; a nanometer is one billionth of a meter. 

Nanowires can be metallic, semi-conducting and insulating, and nanowires used in various sensing 

techniques include optical, electrical, mass-dependent and electrochemical (as discussed above). 

Nanowires are attractive sensing materials because of their small sizes and high surface-to-volume 

ratios with unique electronic, optical or magnetic properties (150). At least one detection method using 

nanowires has been developed for DENV infection. It employs an innovative silicon nanowire-based 

sensor for label-free, specific, sensitive and rapid detection of DENV-2 virus (151). Early testing 

demonstrated that the silicon nanowire biosensor was able to detect lower than 10fM concentration of 

amplicons within 30 minutes. While the technique has not been integrated into a point-of-care medical 

device, it has shown the potential for such integration. A commercial company, QuantumDx (UK) 

(www.quantumdx.com), is also developing nanowire technology for diagnostics. The company uses 

label-free nanowire biosensor microarrays that can detect thousands of features. The microarrays 

contain thousands of uniform, reproducible nanowires on a mass producible, low-cost computer chip. 
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The nanowires are printed with DNA probes associated with disease or drug resistance. When the 

amplified DNA flows over the biosensor, target sequences hybridize to the probes. As DNA is naturally 

negatively charged, this causes a change in charge density at the surface of the nanowire, which in turn 

causes a change in resistance in the nanowires. The nanowires are individually calibrated and monitored 

in real-time with the signal processed by an on-board application specific integrated circuit (ASIC) and 

analyzed by the company’s proprietary analytical algorithms to give a diagnostic result. This method is 

not yet commercialized. 

Liposomes 

Liposomes are nanosized vesicles comprising one or more concentric lipid bilayers surrounding an 

internal aqueous compartment (139) (Peh). Their ability to entrap different water-soluble compounds 

within the inner aqueous phase and lipophilic agents between liposomal bilayers has made them useful 

for delivery of different kinds of drugs and for carrying diagnostic agents. They have been particularly 

useful in medical imaging, including, magnetic resonance imaging (MRI), computed tomography (CT) 

imaging, and sonography. At least one diagnostic assay using liposomes has been developed for 

detection of DENV and serotype determination (152) (Zaytseva). The biosensor is made up of a sandwich 

configuration of the target nucleic acid between magnetic beads and liposomes. The reporter nucleic 

acid probes that can recognize all four DENV serotypes are incorporated in the lip bilayers of the 

liposomes and immobilized results onto superparamagnetic beads. The results reported were excellent, 

with a limit of detection of 50 picometers and an analysis time of only 20 minutes (152) (Zaytseva). 

Nanopores 
 
A nanopore is a tiny hole in a thin membrane, typically just big enough to allow a single molecule of DNA 

to pass through. Nanopores are powerful sensors of molecules and ions and have potential applications 

in many areas of technology, including diagnostics. They can be extracted from living organisms or 

fabricated using nanotechnology, and they are mainly one of two types – biological pores or solid-state 

pores (139). The principle of nanopore sensing is that a nanoscale aperture (the nanopore) is formed in 

an insulating membrane separting two chambers filled with conductive electrolyte. Charged molecules 

are driven through the pore under an applied electric potential (electrophoresis), thereby modulating 

the ionic current through the nanopore. The approach has been applied to DNA sequencing, among 

other medical diagnostic applications (153). Its advantages are that it is a label-free, amplification-free, 

single-molecule approach that can be scaled. 

The genomic profiling of viruses using solid-state nanopores can be interesting for diagnostics. An 

innovative approach involving the introduction of highly invasive peptide nucleic acid (PNA) probes has 

been used to label target genomes with high affinity and sequence specificity, creating local bulges (P 

loops) in the molecule (154). Translocation of the labelled molecule results in what is effectively 

“barcoding” a target genome. Although further studies are required, this technique has the potential to 

enable rapid, accurate and amplification-free identification of small (5-10 kb) viral genomes, including 

DENV fever. 

In addition, at least one company, Nanopore Diagnostics (NanoporeDx), is dedicated to developing 

nanopore diagnostic assays. The company has a proprietary technology platform, the iNDxer™, which is 

a nanopore sensor for counting minute amounts of nucleic acid biomarkers (e.g., DNA and RNA). The 

company’s first application is detection of bacteria, and the company asserts that the bacteria iNDxer™ 
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will detect in its diagnostic tests all have unique RNA biomarkers, which the iNDxer™ will count much 

like a change sorter quickly counts pennies, nickels and dimes. The iNDxer™ can quickly count nucleic 

acids specific to bad bacteria, viruses or fungi in an unprocessed clinical sample (www.nanoporedx.com). 

The technology has not yet been commercialized. 

In summary, some microfluidics and nanotechnology appear to have potentially promising applications 

for diagnostics at the point-of-care, but to date few of them have been commercialized. In addition, 

there is a long and arduous road from demonstrating the use of these technologies either for 

enrichment of a biological sample or the sensitive detection of an analyte, on the one hand, to a 

combined sample-in, result-out diagnostic platform, on the other hand. The integration of these 

techniques is a big challenge in diagnostic development. But only when all components of a test have 

been combined into a self-contained device that can be used at the point of patient care can new 

technologies realize their full promise for improving global health. 

Multiplex Molecular Assays 

Multiplex Diagnostic Assays for Simultaneous Detection and Differentiation of DENV, ZIKV and CHIKV 

Infections 

Driven in large part by the recent and ongoing outbreaks of ZIKV infection, several polyvalent assays to 

diagnose and differentiate DENV, ZIKV and CHIKV infections have been developed or are in 

development. One of these, the Trioplex Real-time RT-PCR Assay (Trioplex rRT-PCR) (Thermo Fisher 

Scientific, U.S.), has received an EUA from the FDA. There are also several other commercially available 

molecular tests. A multiplexed qPCR assay (the ZCD assay) has been developed by scientists from 

Stanford University, Sustainable Sciences Institute (Nicaragua), Nicaragua Ministry of Health, and 

University of California, Berkeley, but it is not commercially available. 

In addition to these molecular assays, EUROIMMUN has developed a polyvalent immunoassay, the IIFT 

Arbovirus Fever Mosaic test, and MIKROGEN Diagnostik has developed the recomLine Tropical Fever IgG 

and IgM assays. In addition, Biocan Diagnostics has developed a multiplex RDT for the simultaneous 

detection of DENV, ZIKV and CHIKV. Chembio and bioLytical, among others, are also developing 

polyvalent RDTs. 

These molecular tests and immunoassays are summarized in Table 5 below. While there is limited 

information available on these assays, to the extent it is available, these assays are described below. The 

information is taken from company-published sources. 

Product EUA EUAL CE-IVD Review 

Molecular Assays 

Trioplex Real-time Rt-PCR (Thermo Fisher Scientific, U.S.)     

AccuPower® ZIKV (DENV, CHIKV) Multiplex Real-Time RT-PCR 
Kit (Bioneer, Republic of Korean) 

   No 

VIASURE Zika, Dengue & Chikungunya Real Time PCR Detection 
Kit (Certest Biotec, Spain) 

   No 

FTD Zika/Dengue/Chik assay (Fast-Track Diagnostics, Malta)    No 

DiaPlexQ™ ZCD Virus Detection Kit (SolGent Co., Ltd., Republic 
of Korea) 

   No 

Immunoassays 

http://www.nanoporedx.com/
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IIFT Arbovirus Fever Mosaic 2 (IgG or IgM) (EUROIMMUN AG, 
Germany) 

 Pipeline  No 

recomLine Tropical Fever IgG; recomLineTropical Fever IgM 
(MIKROGEN Diagnostik, Germany) 

   No 

RDTs 

STANDARD Q Zika/Dengue Trio (SD Biosensor, Republic of 
Korea) 

 Pipeline  No 

TELL ME FAST Dengue, Chikungunya & Zika Virus Combo test 
(Biocan Diagnostics Inc., Canada) (RDT) 

   No 

Table 12. Commercially Available Multiplex Assays to Detect DENV, ZIKV and CHIKV Infections 

Multiplex Molecular Assays 

Trioplex Real-time RT-PCR (Thermo Fisher Scientific, U.S.) 

The Trioplex Real-time RT-PCR is intended for the qualitative detection and differentiation of RNA from 

ZIKV, DENV and CHIKV in human sera or cerebrospinal fluid (each collected alongside a patient-matched 

serum specimen), and for the qualitative detection of ZIKV virus RNA in urine and amniotic fluid 

(collected alongside a patient-matched serum specimen). Serum, however, is the preferred specimen. 

Testing is limited pursuant to the EUA of the FDA, including that testing must be conducted at qualified 

laboratories designated by the CDC. 

The Trioplex Real-time PCR is a lyophilized, one-step real-time PCR assay. It includes primers and dual-

labeled hydrolysis (TaqMan®) probes. A reverse transcription step produces cDNA from RNA present in 

the sample. The probe binds to the target DNA between two unlabeled PCR primers. For the DENV-

specific probe, the signal from the fluorescent dye (FAM) on the 5` end is quenched by Black Hole 

Quencher dye (BHQ-1) on its 3` end. For the CHIKV-specific probe, the signal from the fluorescent dye 

(HEX) on the 5` end is quenched by BHQ-1 on its 3` end. And, for the ZIKV-specific probe, the signal from 

the fluorescent dye (Texas Red [TxRd]) on the 5` end is quenched by BHQ-2 on its 3` end. During PCR, 

Taq polymerase extends the unlabeled primers using the template strand as a guide, and when it 

reaches the probe, it cleaves the probe separating the dye from the quencher allowing it to fluoresce. 

The RT PCR instrument detects this fluorescence from the unquenched dye. With each PCR cycle, more 

probes are cleaved, resulting in an increase in fluorescence that is proportional to the amount of target 

nucleic acid present. 

The assay is optimized for use on the Applied Biosystems™ QuantStudio™ 5 Real-Time PCR System, 

pictured below, and it can also be performed on the 7500, 7500 Fast, and other QuantStudio™ systems 

(also from Applied Biosystems™, U.S.). For viral RNA purification, the company recommends use of the 

MagMAX™ Pathogen RNA/DNA Kit (Applied Biosystems™). 
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Figure 20. QuantStudio™ 5 Real-Time PCR System (Applied Biosystems™) 

The company indicates that the Trioplex rRT-PCR assay is easy to use, environmentally friendly, and 

requires no cold-chain management; it may be shipped and stored at room temperature. 

The Trioplex rRT-PCR has not been extensively tested with clinical specimens. No published, peer-

reviewed studies are currently available.  

AccuPower® ZIKV (DENV, CHIKV) Multiplex Real-Time RT-PCR Kit (Bioneer, Republic of Korea 

Bioneer has developed the AccuPower® ZIKV (DENV, CHIKV) Multiplex Real-Time RT-PCR Kit for the 

simultaneous detection of ZIKV, DENV and CHIKV in human serum and plasma samples through rRT-PCR 

using the company’s ExiStation™ Universal Molecular Diagnostic System and its Dual-HotStart™ 

technology (a modified form of PCR that avoids a non-specific amplification of DNA by inactivating the taq 

polymerase at lower temperatures) to enhance sensitivity and specificity. The AccuPower® ZIKV (DENV, 

CHIKV) Multiplex Real-Time RT-PCR Kit contains all of the necessary components in a RT-PCR master mix 

(enzymes, buffer and dNTPs) aliquoted in each tube. The test is CE-IVD marked. 

The ExiStation™ Universal Molecular Diagnostic System is a semi-automated real-time qPCR based 

molecular diagnostic system. ExiStation™ is a workflow platform consisting of three ExiPrep™ 16 Dx 

nucleic acid extraction instruments and one Exicycler™ 96 real-time quantitative thermal cycler (pictured 

below). 

ExiStation™ is able to process on average 36 samples per hour, and is able to handle up to 6 different 

types of clinical samples within a single run. The system also contains a refrigeration function to 

preserve the nucleic acids and diagnostic reagents. ExiStation™ is a pipetting-free system that mixes the 

extracted nucleic acids with the diagnostic reagents automatically, increasing convenience, practicality 

and reproducibility. 

There is no publicly-published performance data on the AccuPower® ZIKV (DENV, CHIKV) Multiplex Real-

Time RT-PCR Kit. 

https://en.wikipedia.org/wiki/Taq_polymerase
https://en.wikipedia.org/wiki/Taq_polymerase
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Figure 21. Workflow for the ExiStation™ Universal Molecular Diagnostic System. 

VIASURE Zika, Dengue & Chikungunya Real Time PCR Detection Kit (Certest Biotec, Spain) 

The VIASURE Zika, Dengue & Chikungunya Real Time PCR Detection Kit (Certest Biotec, Spain) is 

designed for the specific detection and differentiation of ZIKV, DENV and/or CHIKV in samples, including 

blood, serum, plasma and urine. The detection is done in a one-step RT format where the reverse 

transcription and the subsequent amplification of specific target sequences occur in the same reaction 

well. The isolated RNA target is transcribed, generating complementary DNA by reverse transcriptase, 

which is followed by the amplification of a conserved region of the envelope gene (ZIKV), 3` non-coding 

region (DENV) and NSP1 gene (CHIKV), using specific primers and a fluorescent-labelled probe. 

The VIASURE Zika, Dengue & Chikungunya RT PCR Detection Kit is based on 5` exonuclease activity of 

DNA polymerase. During DNA amplification, this enzyme cleaves the probe bound to the 

complementary DNA sequence, separating the quencher dye from the reporter. This reaction generates 

an increase in the fluorescent signal that is proportional to the quantity of the target template. This 

fluorescence can be measured on RT PCR instrument platforms. The assay can be run on a large number 

of such platforms, including the 7500 Fast Real-Time PCR System and the QuantStudio™ 5 Real-Time PCR 

System, both from Applied Biosystems, the LightCycler® 96 and 480 Real-Time PCR Systems from Roche 

(U.S.), and the Rotor-Gene® Q from Qiagen (Switzerland). 

The company reports that the VIASURE Zika, Dengue & Chikungunya Real Time PCR Detection Kit has a 

limit of detection of ≥10 RNA copies per reaction for ZIKV, DENV and CHIKV. The specificity of the assays 
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were confirmed by testing a panel consisting of 10 different microorganisms representing the most 

common arboviruses. The company reports no cross-reactivity of any of these viruses against St. Louis 

Encephalitis virus strain 17D, West Nile virus strain H160/99, West Nile virus Heja, West Nile virus Ug37 

and Yellow Fever virus strain 17D. 

No published, peer-reviewed studies of the VIASURE Zika, Dengue & Chikungunya Real Time PCR 

Detection Kit were found. 

FTD Zika/Dengue/Chik assay (Fast-Track Diagnostics, Malta) 

The FTD Zika/Dengue/Chik assay (Fast-Track Diagnostics, Malta) is a two tube, multiplex rRT-PCR assay 

for detection of ZIKV, DENV and CHIKV (and an IC) using TaqMan® technology. The test is CE-IVD marked 

and can be used with extracted nucleic acid from human serum/plasma or urine. For DENV and CHIKV, 

whole blood specimens can also be used. 

For extraction, a number of different platforms can be used. These include: 

NucliSENS® easyMAG® (bioMérieux); QIAamp Mini Elute virus Spin or QIAamp viral RNA kit - manual or in 

combination with QIAcube (Qiagen); QIAsymphony SP in combination with DSP Virus / Pathogen and the DNA 

Mini kit (Qiagen); RTP® Pathogen kit (STRATEC); DuplicαPrep (EuroClone®); or Maxwell® 16 Tissue LEV Total (stool 

samples) & Maxwell® 16 Buccal Swab LEV (Promega). 

For amplification, the following platforms can be used: Applied Biosystems® 7500/7500 Fast (Applied 

Biosystems®); Rotor-Gene 3000/6000/Q (Qiagen); CFX96®/DX® with CFX software (Bio-Rad); 

LightCycler® 480 (Roche); and Smartcycler® with Life Science software 2.0d (Cepheid). 

The FTD Zika/Dengue/Chik assay is fully validated with Fast-Track mastermix (Fast-Track Diagnostics) 

and AgPath ID™ One-Step RT-PCR kit (Life Technologies™). 

There are no peer reviewed, published evaluations of the FTD Zika/Dengue/Chik assay. 

DiaPlexQ™ ZCD Virus Detection Kit (SolGent Co., Ltd., Republic of Korea) 

The DiaPlexQ™ ZCD Virus Detection Kit (SolGent Co., Ltd., Republic of Korea) is CE-IVD marked for 

research use. The kit is designed to simultaneously detect ZIKV, DENV and CHIKV in RNA isolated from 

whole blood or serum using single-tube rRT-PCR technology, including hot start technology. The time to 

result is approximately 150 minutes. 

The DiaPlexQ™ ZCD Virus Detection Kit is compatible with two PCR instruments: the CFX96™ Real-Time 

PCR System (Bio-Rad) and the Applied Biosystems™ 7500/7500 Fast Real-Time PCR System (Applied 

Biosystems).  

There are no peer reviewed, published evaluations of the DiaPlexQ™ ZCD Virus Detection Kit. 

In addition to the commercially available tests described above, the following molecular assay is in 

development. 

ZCD Assay 

Waggoner et al have described a ZIKV rRT-PCR assay that was designed to be run in multiplex with 

published assays for pan-DENV and CHIKV detection (78,79,80). The authors subsequently evaluated the 

assay by testing samples from people with suspected cases in Nicaragua.  
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The ZCD assay is not commercially available. However, it performed well in laboratory testing on the 

ABI7500 instrument (Applied Biosystems, U.S.) using genomic RNA. The 95% lower limit of detection 

(LoD) for each target, in copies per mL of eluate (5 mL added to each ZCD reaction) were: ZIKV, 7.8; 

CHIKV, 13.2; DENV-1, 11.7; DENV-2, 13.5; DENV-3, 4.1; DENV-4, 10.5. Similarly, the assay was highly 

specific, with no amplification found for: West Nile, Japanese encephalitis, tickborne encephalitis, yellow 

fever, Saint Louis encephalitis, o’nyong-nyong, Semliki Forest, Mayaro, Ross River, Getah, Barmah Fores, 

and Unas viruses (80). 

Two hundred and sixteen serum samples collected from patients in Nicaragua with suspected ZIKV, 

CHIKV and/or DENV infections were tested using the ZCD assay and the pan-DENV-CHIKV rRT-PCR, which 

is a validated duplex assay containing the DENV and CHIKV primers and probes used in the ZCD assay 

(79). A total of 173 samples were positive for DENV alone (n = 25), CHIKV alone (n = 110), or both (n = 

38). Per the authors, the ZCD assay and pan-DENV-CHIKV rRT-PCR showed very good agreement for 

DENV detection (k = 0.907) and good agreement for CHIKV detection (k = 0.662). 

A case of ZIKV infection was detected with the ZCD assay during the testing described above. 

Subsequently, 133 consecutive samples were tested by using both the ZCD assay and a comparator ZIKV 

rRT-PCR targeting the capsid gene (81). The ZCD assay performed better than the comparator assay (80). 

Of the 56 ZIKV-positive samples in the ZCD assay, 39 were positive for ZIKV only, and 17 showed 

evidence of co-infections: ZIKV-DENV (n = 3); ZIKV-CHIKV (n =10); ZIKV-CHIKV-DENV (n = 4) (80). 

The authors conclude that the single-reaction multiplex ZCD assay successfully detected and 

differentiated ZIKV, CHIKV and DENV and could be used to streamline molecular test laboratory 

workflow and decrease the cost of testing while improving detection of these three infections (80). 

Multiplex Immunoassays 

IIFT Arbovirus Fever Mosaic 2 (IgG or IgM) (EUROIMMUN AG, Germany) 

EUROIMMUN has developed an indirect immunofluorescence assay (IIFT), the IIFT Arbovirus Fever 

Mosaic 2 for the determination of specific antibodies against each of DENV (1-4), ZIKV and CHIKV in 

human serum or plasma. Similar to its IIFT assay for CHIV infection, BIOCHIP technology is used. 

In the Arbovirus Fever Mosaic 2 assay, the ZIKV substrate is incubated in parallel with substrates for 

CHIKV and DENV serotypes 1 to 4. This BIOCHIP combination can help in differential diagnostic 

delimitation of each of these three virus infections. Due to the use of whole virus particles, cross-

reactivity between flavivirus antibodies such as DENV and ZIKV virus can occur, however. 

No further information is available on the assay. 

recomLine Tropical Fever IgG, recomLine Tropical Fever IgM (MIKROGEN Diagnostik, Germany) 

MIKROGEN Diagnostik has developed the recomLine Tropical Fever IgG, IgM test, which is a line 

immunoassay. It allows specific recombinant antigens for DENV, ZIKV and CHIKV viruses to be localized 

individually onto one test strip, thus enabling the simultaneous capture and detection of various 
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antibodies against multiple species. The assay includes the following recombinantly produced antigens:  

DENV (NS-1 and E-protein), ZIKV (NS-1 and E protein) and CHIKV (E-1 protein). 

The recomLine Tropical Fever IgG, IgM assay requires a serum or plasma sample collected ≥4 – 6 days 

after the onset of symptoms, and 1 – 2 week follow-up samples. Analysis of test strips can be done 

visually or computer-assisted using recomScan software. Visual reading of the test strips requires an 

analysis of the intensity of bands on the test strip. The company reports that there is minimal cross-

reaction with other genetically related viruses in primary flavivirus infections, but acknowledges that 

there could be more cross reactivity in secondary flavivirus infections. 

No peer-reviewed, published evaluations of the assay are available; the company reports limited data in 

its product insert. 

Multiplex Rapid Diagnostic Tests 

STANDARD Q Zika/Dengue Trio (SD Biosensor, Republic of Korea) 

SD Biosensor has developed the STANDARD Q Zika/Dengue Trio test (pictured below), which is an 

immunochromatographic assay for the detection of IgM and IgG antibodies specific to DENV and NS1 

antigen as well as ZIKA virus specific IgM and IgG antibodies in human serum, plasma and whole blood. 

 

Figure 22. STANDARD Q Zika/Dengue Trio Test 

Per the company, screening test results can be obtained within 15 minutes with high sensitivity and 

specificity. As an RDT, the test is easy to use, read and interpret. Tests can be stored at temperatures 

between 1 - 40°C and have a shelf life of 24 months. 

With the exception of Zika IgM, for which the company reports 33.7% sensitivity, the company reports 

strong sensitivity and specificity for each of the other test components DENV NS1 Ag, DENV IgM, DENV 

IgG, and ZIKV IgG. However, no peer-reviewed, published studies are available on the assay.12 

                                                           
12 This data can be found on the BD Biosensor website at: http://en.sdbiosensor.com/xe/product/2530. 
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TELL ME FAST Dengue, Chikungunya & Zika Virus Combo test (Biocan Diagnostics Inc., Canada) 

Biocan Diagnostics has developed the TELL ME FAST Dengue, Chikungunya & Zika combo test. It is a 

rapid, lateral flow, qualitative test in cassette format (pictured below) for the simultaneous detection of 

IgG and IgM antibodies and NS1 Antigen to DENV and IgG & IgM antibodies to CHIKV and ZIKV in human 

serum, plasma or whole blood. It is a screening test for the presumptive distinction between a primary, 

secondary and an early DENV, CHIKV and ZIKV infection. However, results should be confirmed with 

other assays. 

 

Figure 23. Biocan ZIK/CHIK/DENG Ab-Ag Test Cassette 

The principle of each component test in the cartridge is similar. The ZIKV IgG/IgM component of the 

test, which is a qualitative test, consists of a pink colored conjugate pad containing recombinant (ZIKV 

NS1 protein and envelope protein) common antigens conjugated with colloid gold and rabbit IgG-gold 

conjugates, a nitrocellusose membrane strip containing two test bands (T1 and T2 bands) and a control 

band (C band). The T1 and T2 bands are pre-coated with monoclonal anti-human IgM and IgG, and the C 

band is pre-coated with goat anti-rabbit IgG. When test specimen (human serum, plasma or whole 

blood) is dispensed into the sample well of the test cassette, the specimen migrates via capillary action 

across the cassette. If present in the specimen, ZIKV IgM antibodies will bind to the ZIKV conjugates. The 

immunocomplex is then captured on the test membrane by the pre-coated anti-human IgM antibody, 

forming a burgundy-colored T1 band, indicating a ZIKV IgM positive test result. ZIKV IgG antibodies, if 

present in the specimen, will also bind to the ZIKV conjugates. The absence of any test band lines (T1 

and T2) suggest a negative result. The test contains an IC (C band), which should exhibit a burgundy-

colored band regardless of the color development of the test bands. Otherwise, the test result is invalid. 
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Similarly, in the DENV IgA/IgG/IgM test, a specimen (human serum, plasma or whole blood) is dispensed 

into the sample well along with sample buffer. The Gold antigen conjugate in the test binds to anti-

DENV IgG and IgM antibodies in the specimen sample, which in turn, binds with anti-human IgG and 

anti-human IgM coated on the test membrane. As the test sample moves via capillary action across the 

membrane, the anti-human antibodies on the membrane bind the IgG or IgM antigen complex at the 

relevant IgG and/or IgM test lines, causing pale or dark pink likes to form at the IgG or IgM region of the 

test membrane. The intensity of the lines vary depending upon the amount of antibody present in the 

sample. The appearance of a pink line in a specific test region (IgG or IgM) should be considered as 

positive for that particular antibody type. The test also includes an IC (C band), which should exhibit a 

burgundy-colored band regardless of the color development in the test bands. Otherwise, the test result 

is invalid. 

In the DENV NS1 qualitative antigen test on the multiple cassette, a specimen (human serum, plasma or 

whole blood) is dispensed into the sample well, and Gold antibody conjugate then binds to the DENV 

antigen in the specimen, which in turn binds with anti-DENV NS1 coated on the test membrane. As the 

reagent moves across the membrane, the DENV NS1 antibody on the membrane binds to the antibody-

antigen complex causing pale or dark pink lines to form at the test line region of the test membrane. The 

intensity of the lines will vary depending upon the amount of antigen present in the sample. The 

appearance of a pink line in the test region is considered a positive result. The test also includes an IC (C 

band), which should exhibit a burgundy-colored band regardless of the color development in the test 

bands. Otherwise, the test result is invalid. 

Finally, in the CHIKV component of the test, which is also qualitative, specimen (human serum or 

plasma) is dispensed with sample buffer into the sample well, and the Gold antigen conjugate binds to 

anti-CHIKV IgG and IgM antibodies in the sample. As the reagent moves across the test membrane, this 

complex then binds with anti-human IgG and anti-human IgM coated on the test membrane as two 

separate lines in the test region. The anti-human antibodies on the membrane will bind the IgG or IgM 

antigen complex at the relevant IgG and/or IgM test lines causing pale or dark pink lines to form at the 

IgG or IgM region of the test membrane. While the intensity of the lines may vary, the appearance of a 

pink line in a specific test region (IgG or IgM) is considered as positive for that particular antibody. The 

test also includes an IC (C band), which should exhibit a burgundy-colored band regardless of the color 

development in the test bands. Otherwise, the test result is invalid. 

There are no peer reviewed, published evaluations of the TELL ME FAST Dengue, Chikungunya & Zika 

combo test. 

Multiplex RDT Assays in the Pipeline 

In addition to the commercially available multiplex immunoassays described above, Chembio and 

bioLytical Laboratories are each developing polyvalent RDTs. 

DPP® Zika/Chikungunya/Dengue IgM/IgG Combination Assay (Chembio Diagnostic Systems, U.S.) 

Chembio Diagnostic Systems has been awarded grants from the Paul G. Allen Family Foundation and the 

U.S. Government to develop a combination Zika/Chikungunya/Dengue IgM/IgG assay using its patented 

dual path platform (DPP®) technology. Here, the DPP® platform has been expanded to include two test 

strips in a single cassette. A single sample of fingerstick blood is used to detect IgM antibodies and IgG 
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antibodies against each of ZIKV, DENV and CHIKV infections. Results are obtained in a few seconds using 

a small, portable reflectance reader. By differentiating IgM and IgG results, information on disease 

phase is possible. 

The company has evaluated the assay and has found strong sensitivity and specificity, but no peer 

reviewed, published evaluations are currently available. 

INSTI Zika (Arbovirus) Total Antibody Test (bioLytical Laboratories, Canada) 

BioLytical Laboratories is developing a novel, 60 second POC assay for the simultaneous, qualitative 

detection of IgG and IgM antibodies to current and past ZIKV, DENV and CHIKV infection in human EDTA 

blood, finger stick blood, serum or plasma. The test is manual and visually read. 

The company reports that the current combination of antigens in the assay produces overall sensitivity 

of 96.7% with anti-ZIKV, -DENV, or –CHIV positive specimens and a specificity of 100% against West Nile 

Virus and other potentially interfering disease conditions. Work is continuing to optimize INSTI 

performance in the populations of intended use. 

No peer-reviewed, published evaluations are currently available with respect to the assay. 

The Limits of Diagnostic Technology 

Despite the increasing sophistication of novel diagnostic technologies, the impact of such technologies 

will be limited unless they can successfully accommodate the weaknesses in healthcare systems in 

resource-constrained settings, which often affect the successful delivery of diagnostics in-country. These 

include:  shortages of human resources and lack of training for staff; supply chain challenges; lack of 

diagnostic equipment and equipment breakdowns; and a lack of robust quality assurance and quality 

control systems. 

These weaknesses suggest not only the in-country need for training of test operators and service and 

maintenance contracts for diagnostics, but also suggest that the following operational specifications for 

POC diagnostic assays/platforms should be prioritized: 

Ease-of-use. Sample preparation should be simple, with the ability to use unprocessed sample 

specimens, and only a small number of operator steps, especially timed steps, should be required 

to perform the test. Test kits (i.e., the reagents and disposables required to perform an assay on 

a single patient) should be self-contained.  

Training. The device/assay should be simple enough that its use can be explained to a healthcare 

worker in a day’s training or less, including its methods of sample collection and preparation.  

High tolerance to difficult environmental conditions. Test kits must be stable at high temperature 

and humidity and must be able to survive extreme fluctuations in temperature; no cold chain 

should be required during transport and/or storage. 

Self-Contained Quality Control. There should be a procedural control internalized in the test 

cartridge for each individual test as well as an indicator of instability or test expiration. 

Data Capture, Connectivity and Data Export. For device-based diagnostics, data capture on the 

platform should include:  patient ID, lot number of cartridge; date (automated); result of process 
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controls (whether passed); and, if possible, coordinates of location. Specifications for data 

display, connectivity of the test device via a GPS/GPRM modem and full data export capabilities 

over mobile phone networks such that data transmission can automatically select between 

GPRS or more advanced networks and GSM based on available coverage, take on particular 

importance. For RDTs, if combined with a reader (either internal or external), the reader must 

store patient results, and its output needs to be compatible with centralized data aggregation 

and analysis. In order to monitor test performance, a GPS/GPRM modem, preferably internal to 

the reader, should be incorporated, and full data export capabilities over mobile phone 

networks should be a minimal standard. 

Biosafety. To enhance biosafety, operational specifications should include the requirement for 

closed, self-contained systems with no biosafety cabinet required and unprocessed sample 

transfer only. 

Waste Disposal.  Since medical waste is frequently stored for long periods of time before 

incineration, diagnostic consumables, such as test kits, must be rendered non-toxic after use and 

must not release toxic compounds when burned. Further, as an optimal standard, compostable 

plastics for test kits and other materials would be preferred. 

Additional High Priority Specifications. In addition to the high-priority product standards summarized 

above, the following specifications are also important. 

Cost. The cost of platforms and assays will be a critical factor in implementation and uptake of 

new POC diagnostics. Funding for diagnostics is limited, both at the global level and in-country, 

where cost-effectiveness will be assessed. 

Sample Capacity, Throughput and Time to Result. These are important specifications for new 

POC diagnostic assays, but there is no single specification for capacity, throughput and turnaround 

time (TAT) that will fit all settings. Rather, these specifications will depend on the volume of 

testing and TAT for each assay at the target use setting (e.g., district hospital, health center). The 

ability to give same-day results is critical and must be considered with respect to each assay; 

otherwise the value of a POC test is substantially diminished. The working day in many health 

center settings is greatly abbreviated (6 hours or less), and the TAT for a diagnosis must also allow 

time for the pre-analytic activities (e.g., patient registration) and post-analytic activities (e.g., 

clinical interpretation and treatment) necessary to provide a complete service to the patient 

within one working day. 

These factors, along with required technical performance (e.g., sensitivity and specificity), must be 

considered and prioritized by developers of diagnostics intended for use at or near the point of patient 

care in resource-limited settings. 

Gaps in Diagnostics for Dengue and Conclusions 
 
In an ideal world, we would have diagnostics for DENV infection that meet the ASSURED criteria and at 
the same time could confirm a DENV diagnosis across the entire temporal spectrum of the infection 
from onset through convalescence. In addition to being highly sensitive and specific, these assays would 
be able to correctly serotype the infection, be able to distinguish primary and secondary infection and 
be able to reliably distinguish between DENV fever and other viruses of interest, including other 
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flaviviruses. Unfortunately, we don’t have such diagnostics today. Below is a summary of current types 
of DENV diagnostics that are available. 
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Table 13. SUMMARY OF DENGUE TESTS 
Test Days post-onset of 

sample collection 
Interpretation of 
positive result 

Serotype identification; 
Primary/Secondary Infection 

Explanation Comment 

Virus Isolation ≤5 days Confirmatory Yes; No Requires acute sample (0-5 
days) 

Lab-based; complex; 
takes more than 1 
week 

RNA detection ≤5 days Confirmatory Yes; No Requires acute sample (0-5 
days) 

Lab-based; complex; 
potential false positives 

NS1 detection ≤5 days Confirmatory No; Yes Best results on acute 
specimen, but can detect up 
to day 8 post onset of 
infection with less sensitivity 

Lab or RDT; easy to 
perform; less expensive 
than virus isolation or 
RNA detection; less 
sensitive than RNA 
detection 

IgM (paired 
specimens, acute 
and convalescent) 

≤5 days for acute 
specimen, > 5 days 
for convalescent, 
ideally at least 2 
weeks apart 

Confirmatory No; Yes Negative IgM in an acute 
specimen followed by a 
positive IgM in a 
convalescent specimen 

ELISA or RDT; easy to 
perform; affordable; 
takes 72 hours for 
results 

IgG (paired 
specimens, acute 
and convalescent) 

≤5 days for acute 
specimen, > 5 days 
for convalescent, 
ideally at least 2 
weeks apart 

Confirmatory No; Yes Negative IgG in an acute  
specimen followed by a 
positive IgG in a 
convalescent specimen or a 
4-fold increase in titer 
between acute and 
convalescent specimen and 
confirmed by PRNT 

ELISA or RDT; easy to 
perform; affordable 

IgM (single serum 
specimen) 

>5 days Probable No; Yes Positive IgM in convalescent 
specimen 

IgM levels can be low 
in secondary infection; 
Useful for surveillance 

NS1 and IgM/IgG 
assays used in 
combination 

Entire temporal 
spectrum of 
dengue 

Confirmatory No; [Yes] Further research needed on 
the ability to distinguish 
primary/secondary dengue 
infection 

RDT; easy to perform; 
affordable; can use 
whole blood 
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With the exception of antigen-based assays, diagnostics that are most effective for the detection of 
acute DENV infection (virus isolation and molecular tests) are currently laboratory based. They are 
complex, require sophisticated laboratories with highly trained laboratory technicians and are 
expensive. Immunoassays to detect NS1 antigen are easy-to-use and less expensive, but are not as 
sensitive as virus isolation and RNA detection assays. For resource-limited settings, there is a need for 
highly sensitive, easy-to-perform and affordable assays to confirm acute DENV infection that can be 
used at the point of patient care. 
 
At the same time, the most widely used DENV diagnostic test is the MAC ELISA, a laboratory-based test 
that is not sensitive enough to confirm DENV diagnosis during the acute phase of the infection. As 
discussed earlier in this report, limitations also include the inability of such tests to determine DENV 
serotype and potential antibody cross-reactivity with other flaviviruses. Combination IgM/IgG and 
individual IgA-based assays have also been developed, some of which are available as RDTs. These tests 
are ideal for use at the point of care. But, the performance of these assays alone is also not sufficient to 
confirm DENV diagnosis during the acute phase of infection. 
 
As a result, attention has turned towards combination NS1 and IgM/IgG RDTs, which are well suited to 
use in resource-limited settings and can be used to diagnose patients across the temporal spectrum of 
DENV infection. Only one of these assays has been commercialized, but it has shown good results, 
improving on the sensitivity of acute DENV fever diagnosis and enhancing the ability to classify primary 
and secondary DENV infection. However, additional studies are needed. 
 
Although diagnostics for DENV infection have improved over the last decade and while the performance 
of combination NS1 and IgM/IgG testing is promising, in order to reliably diagnose DENV infection at or 
near the point of patient care, there is still a need to continue to develop more sensitive, easy-to-use, 
rapid and affordable tests that are, at the same time, serotype-specific and less cross-reactive. Assays 
that can accommodate wide geographic serotype and genotype variability are also needed. 
Unfortunately, the complicated pathogenesis and clinical features of DENV infection make it difficult to 
create a single assay to confirm DENV infection.  
 
There are point-of-care NAAT platforms available and in the pipeline that could help to fill gaps in the 
ability to diagnose acute DENV infection and determine DENV serotype. In addition, there are next 
generation nanotechnologies and microfluidics that could also fill gaps, although not in the near term. 
 
It is incumbent upon key stakeholders to develop and circulate consensus TPPs for the desired assays for 
dengue infection - TPPs that define the target use and target use settings and that provide both minimal 
and optimal performance requirements as well as detailed operational requirements for such assays. In 
conjunction with the TPPs, it will also be important for stakeholders to size the potential DENV 
diagnostic market. This will help to guide developers, and assuming the expected market is sizeable, to 
interest them in developing DENV fever assays. 
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