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Since no protective vaccine or specific treatments are available for dengue fever/dengue hemorrhagic fever (DHF),
accurate diagnosis is critical for the early initiation of specific preventive health measures to curtail epidemic
spread and reduce economic losses. Commonly used diagnosis methods for confirming dengue infection involve
virus isolation, detection of virus antigen or RNA in plasma or serum or tissues, and the presence of dengue virus-
specific antibodies in serum and other body fluids. Recently, several techniques have been developed for rapid
laboratory diagnosis of dengue virus, including centrifugation amplification to enhance virus isolation rate, the flow
cytometry method for early detection of cultured virus, detecting viral nucleic acid e.g., by nested reverse
transcriptase-polymerase chain reaction (RT-PCR), quantitative RT-PCR, nucleic acid sequence-based amplification,
and real-time PCR, detecting free viral non-structure antigens, anti-dengue virus immunoglobulin M (IgM) or IgG
antibodies by enzyme-linked immunosorbent assay, and differentiation of primary versus secondary dengue virus
infection. Newly established methods must be standardized to maintain high quality laboratory performance.
Laboratory diagnostics must be tailored to a specific laboratory environment, the objectives of clinical needs and
the availability of clinical specimens. Speed and accuracy of diagnosis must be balanced against test cost and
availability. Future challenges in the study of dengue and DHF include the application of modern techniques, such
as nucleic acid chips, protein chips and new biomarkers to avoid cross-reactivity among different serotypes of
dengue viruses and other flaviviruses, plus development of internationally standardized guidelines to improve
quality assurance of these advanced laboratory tests.
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Dengue virus (DENV), a member of the family
Flaviviridae, genus Flavivirus, is an enveloped, single-
stranded positive sense RNA virus. There are 4
serologically related but antigenically and genetically
distinctive dengue viruses (DENV-1, -2, -3, and -4).
Acute infection of DENV in adults may cause dengue
fever (DF), characterized by biphasic fever, headache,
eye pain, myalgia, arthralgia, prostration, rash,
lymphadenopathy, and leukopenia [1]. Persons infected
with DENV are generally mild or asymptomatic, but

may also present with undifferentiated fever, classic DF,
and even dengue hemorrhagic fever (DHF) and dengue
shock syndrome (DSS) [2,3]. DHF and DSS, which are
the 2 main severe clinical manifestations of dengue,
continue to be major causes of human morbidity and
mortality in tropical areas [4]. Recently, air travel has
led to the geographical expansion of DENV infection
in non-endemic countries and it is now estimated
that 100 million dengue cases occur annually around
the globe [3,5]. In Taiwan, dengue has been a very
important infectious disease since 1981 [6,7]. Several
large epidemics of dengue/DHF have been reported [7].
Effective surveillance and efficient control depend on
rapid and accurate laboratory diagnosis. Additionally,
qualitative and quantitative information on dengue viral
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RNA, proteins, and antibodies will be very helpful in
clarifying the epidemiology patterns of DENV infection,
DF and DHF/DSS.

The incubation period of DENV infection varies
from 3 to 14 days (average, 4 to 7 days). Clinical
laboratory findings associated with DF include a
neutropenia followed by a lymphocytosis, often marked
by atypical lymphocytes and possibly elevated level of
aspartate aminotransferase in the serum [2]. Viremia
generally lasts from 4 to 5 days. The circulating viable
DENV particles remain readily detectable in the blood
for up to 5 days after the onset of symptoms, and then
rapidly disappear following the appearance of DENV-
specific antibody. DENV-specific immunoglobulin M
(IgM) antibody becomes positive on the sixth day
following the onset of illness in most patients. During
primary DENV infection, the IgG antibody appears a
few days following IgM antibody. In secondary DENV
infection, an anamnestic IgG response occurs, causing
serotiter to rapidly increase initially, almost immediately
following the onset of disease, and then remain high in
most patients [8,9]. Therefore, laboratory diagnosis
(Table 1) must consider the timing of the clinical course
of dengue patients, as well as likely quantitative patterns
of the tested parameters, and the advantages and
limitations of each method, as discussed in detail below.

Virus Isolation and Identification

Virus isolation is widely used as a gold standard for
diagnosing DENV infection. Serotypes of DENV are
easily determined using immunofluorescence (IF)
staining in infected cells with serotype-specific

monoclonal antibody [10,11]. The isolated virus strains
are important for follow-up virological study and
detailed biological characterizations. The viremia
appears during the onset of fever, and the rate of virus
isolation is significantly improved in those samples
collected within 6 days after the onset of disease [8,9].

Although the most sensitive virus isolation method
is in vivo amplification through mosquito inoculation,
the mosquito-derived cell cultures, such as C6/36 (Aedes
albopictus), AP61 (Aedes pseudoscutellaris) and TRA-
284 (Toxorhynchites amboinensis), are widely used in
clinical laboratories [8]. The diluted serum sample is
inoculated on to the cell culture monolayer on screw
cap tubes, dishes or flasks. Following incubation at 28°C
for 1 week, the inoculated cells are screened for DENV
by use of IF stain with 4 different serotype-specific
monoclonal antibodies [10,11]. The disadvantages of
this method are the time-consuming procedures required
to obtain the culture results, and the need for cell culture
facilities and experienced laboratory professionals.

Reducing the time required for final culture results
is a high priority in laboratory diagnosis. Roche et al
used rapid centrifugation assay to isolate DENV-2 [12].
The specimen was inoculated on to monolayers of
cells grown in 24 plastic wells. The inoculated cells
were centrifuged for 1 h at 1000 × g at 33°C. After
adding the maintenance medium, the inoculated cells
were observed daily for cytopathic effect (CPE). Once
CPE was detected, or after incubation for 11 days (in
those cases without CPE) to increase the detection
sensitivity, the DENV was identified by IF stain. This
rapid centrifugation allowed the isolation of virus as
early as 2 days post-inoculation, and achieved a 16.6%

Table 1. Methods used for the laboratory diagnosis of dengue virus infections

Methods Detected entity Limit of detection
Time required for
reporting results

Virus isolation
Conventional Viable virus 1-10 infectious virus particle(s) Days-weeks
Shell vial Viable virus 1-10 infectious virus particle(s) Days

Direct detection of antigens in clinical Structure or non- IF: 1~10 infected cells 1-3 hours
specimens structure viral antigens ELISA: 104 PFU Hours
Direct detection of viral nucleic acid

RT-PCR/NASBA Viral RNA 1-1000 PFU/mL Hours
Real time RT-PCR Viral RNA 1-50 PFU/mL; 1-250 copies/per assay Hours

Serologic diagnosis IgG/IgM antibodies 10 min-hours for
testinga

Abbreviations: RT-PCR = reverse transcriptase-polymerase chain reaction; NASBA = nucleic acid sequence-based amplification;
IgG = immunoglobulin G; IgM = immunoglobulin M; IF = immunofluorescence; ELISA = enzyme-linked immunosorbent assay; PFU =
plaque-forming units
aIf paired sera are required for comparison, 2-3 weeks are needed to obtain the final results.
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higher success rate in isolating the virus compared with
conventional tube methods [12]. By using the protein
A-gold-silver staining method to detect DENV antigens
in cultured C6/36 mosquito cells, the virus antigen
appeared at 2 to 3 days post-inoculation, significantly
earlier than for the traditional direct IF stain method
[13].

To improve the cell culture method used for public
health surveillance of DENV activities in Taiwan, Kao
et al initially used flow cytometry assay and monoclonal
antibodies (MAb 16-4) against non-structure protein
1 (NS1) after the amplification of the tested virus
preparation in the C6/36 mosquito-infected cell culture,
and detected the antigen of DENV-1 as much as 10 h
earlier than conventional IF stain [14]. It was also
found that MAb 16-4 to NS1 was much more sensitive
than MAb 8-8 to envelope protein in detection of the
virus by using similar technique. When this method
was applied to clinical samples, MAb 16-4 against
the NS1 could detect 7 of 12 conventional virus
isolation positive samples even at 3 days post-
inoculation. Therefore, the selection of the most effective
monoclonal antibodies against DENV integrated
with flow cytometry can be used for rapid laboratory
diagnosis and pathogenesis studies in patients
with different levels of clinical severity. Additionally,
using reverse transcriptase-polymerase chain reaction
(RT-PCR) following conventional inoculation of C6/36
cells with tested clinical samples can detect DENV-1
at 3 days earlier than the IF stain method [15].

Detection of Virus Antigen

The presence of DENV antigen in acute sera and
peripheral blood mononuclear cells (PBMC) from
DENV-infected patients has been determined using
biotin-streptavidine enzyme-linked immunosorbent
assay (ELISA) [16]. The PBMC of dengue patients
generally displayed a higher detection rate of DENV
than that in serum samples (53.8 vs 18.9%, p<0.001).
The DENV antigens were detectable in both serum and
PBMC collected between days 2 and 7 after disease
onset, with the detection rate being highest in PBMC
collected on day 4 and in serum samples collected on
day 5.

Besides using PBMC, an amplified fluorogenic
ELISA (F-ELISA) was developed for increasing the
sensitivity to detect DENV-3 antigen in serum samples
[17]. This assay utilized biotinylated hyperimmune
mouse IgG antibody directed against dengue antigens

as a detector and also employed DENV-3 monoclonal
antibody as the captured antibody. After the reaction
of antigen and antibody, methylumbelliferyl-β-D-
galactopyranoside was used as the fluorogenic substrate
for generating fluorescence. The fluorescence counts
were quantitated using a fluorometer. The high
affinity of the biotin for the multivalent binding sites of
streptavidine-labelled β-galactosidase and the combined
amplification effect of enzyme-fluorogenic substrate
interactions increase the sensitivity of fluorogenic
detection methods. By comparing with virus
isolation, the sensitivity and specificity of F-ELISA
were 90% and 99%, respectively, and there was 98%
agreement between this method and virus isolation. The
disadvantages of this test include the availability of
anti-dengue monoclonal antibodies with high affinity
and high specificity.

For pathological studies, the immunohistochemical
detection of DENV in the biopsies or autopsy tissues
provides very useful evidence confirming dengue viral
etiology. Various techniques, such as immunoperoxidase
staining with dengue-specific monoclonal antibody or
serotype-specific polyclonal antibody, have been devised
for detecting DENV antigens in frozen and fixed tissues
from autopsy and necropsy specimens [18-21]. Recently,
the high circulating levels of DENV-1 and DENV-2
NS1 in the acute phase of disease were demonstrated
by use of the ELISA method [22,23]. Levels of free NS1
in plasma correlated more closely with higher viremia
in DHF patients than in DF patients [23]. Thus,
early detection of NS1 might be very useful in case
management of DHF patients and future studies on
the correlation of NS1 in viral pathogenesis of DHF.

Detection of Virus Nucleic Acid

Molecular diagnosis typically provides more sensitive
and rapid detection than traditional virus isolation
methods, because it amplifies nucleic acid even for
inactivated virus. However, the specimens and RNA
must be carefully handled to avoid RNA degradation.

Nested RT-PCR, using the primers at different
regions of the dengue viral genome, has been developed
for detecting and typing DENV in clinical samples [24].
Two sets of primers corresponding to the C/prM
region of the virus, designed by Lanciotti et al, are
frequently used to identify DENV and its serotypes via
2-step nested RT-PCR, including the D1 (nt 134-161)
and D2 (nt 616-644) primers used in the first run
of RT-PCR for rapidly identifying dengue cases, and
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4 serotype-specific primers [TS1 (nt 568-586), TS2
(nt 232-252), TS3 (nt 400-421) and TS4 (nt 506-527)]
used in the second run of RT-PCR for serotyping [25].

The potential diagnostic usefulness of RT-PCR
assay is to detect DENV in human serum. This assay
demonstrates sensitivities of 94% with DENV-1, 93%
with DENV-2 and 100% with DENV-3 and DENV-4,
compared with the traditional method of virus isolation
[25]. The disadvantages of the assay by Lanciotti et al
include: (1) 100 copies of viral genome equivalents and
2 steps of RT-PCR are required to increase the detection
sensitivity; (2) false-negative results occurred in DENV-
1 and DENV-2; and (3) ease of cross-contamination can
lead to false-positive results, which is a general problem
associated with RT-PCR [25].

In order to reduce the rates of false negatives in
molecular diagnosis and remedy the inefficient
subsequent public health alarming impact on dengue
control activity due to frequent virus mutation in RNA
viruses, possible solutions include selecting primers of
the “conserved regions” of the viral genome from the
gene bank, and use of degenerate primers or modified
primers according the emerged mutant virus strain
sequence [26].

To minimize contamination and maximize cost-
effectiveness, Harris et al established a modified single-
tube multiplex RT-PCR [27]. The detection limits of
Harris’ protocol were around 1 plaque-forming unit
(PFU) for DENV-1, 50 PFU for DENV-2, 1 PFU for
DENV-3, and 30 PFU for DENV-4. De Paula et al also
showed that 1-tube RT-PCR protocols obtained a higher
rate of DENV detection than the 2-step methods, and
these data correlated well with serologic diagnosis [28].
In fact, 2-step RT-PCR is extremely useful for detecting
and amplifying multiple messages simultaneously from
a single RNA sample via a single RT reaction. Such a
method is extremely useful in conjunction with random
hexamer in the first RT reaction and amplifying different
regions of viral RNA in PCR to avoid misdiagnosis due
to mutation of viral RNA. However, 1-tube RT-PCR is
easier to use when processing large numbers of samples,
and helps to minimize carry-over contamination
resulting from unopened tubes between cDNA synthesis
and amplification. The drawback of 1-tube reaction is
amplification of only a single target per reaction. The
selected primer sets and viral regions, the amount of
viral RNA available, the numbers of messages to be
amplified, the sample size, the enzymes for reverse
transcription and cost are all critical determinants of
whether the 1-tube or 2-step methods should be used.

To avoid thermal cycling, the possibility of cross-
contamination and reduce the time to results, a single-
step isothermal RNA-specific amplification method,
known as “nucleic acid sequence-based amplification
(NASBA)”, was developed for DENV detection [29].
This method uses an isothermal enzyme that requires
only a water bath to control the reaction temperatures,
without requiring the need for an expensive thermal
cycler. The NASBA product is RNA, which is far
less stable than DNA (PCR product) but is less likely
to serve as a contaminant, and is thus an advantage
of NASBA. However, its current signal detection still
requires an electrochemiluminescence (ECL) reader.
The NASBA assay could detect dengue viral RNA in
clinical samples at plaque titers below 25 PFU/mL.
Using normal human plasma spiked with DENV,
the NASBA assay had a detection threshold of 1 to
10 PFU/mL.

The sensitivity of RT-PCR methods with different
designs for detecting DENV varies [30]. It is difficult to
generalize which molecular detection test is better,
since primers, enzymes, buffers, reaction conditions,
targets of viral genomic regions, and machines used for
PCR reaction can all influence the results of PCR.
In numerous circumstances, these comparisons depend
on primarily empiric data. Future development should
consider using multiplex PCR and/or genotyping/
serotyping methods to simultaneously obtain all
important virological information.

Quantification of DENV RNA in human plasma
samples can provide more clues for performing
pathogenesis studies and monitoring the progress of
clinical manifestations. Quantitative competitive
RT-PCR at C-prM or 3'-non-coding region has been
developed for determining dengue viral load, and has
sensitivity of 10 to 250 RNA copies [31,32]. Fluorogenic
RT-PCR based on 3'-noncoding sequence provided an
alternative quantitative method for measuring DENV
RNA, and had a detection limit of 20-50 PFU/mL [33,
34]. Real-time RT-PCR assay represents another choice
for quantifying DENV RNA. PCR products were
detected in real time on a Light Cycler instrument with
5'-nuclease technology with detection limits ranging
from 8.6 to 16 RNA copies per assay [35]. Compared
with TaqMan probe assay, SYBR green I-based real-
time RT-PCR is inexpensive, easy to use, and was
developed for detecting 4 serotypes of dengue viruses
with low detection limits ranging from 4.1-10 PFU/mL
[36]. However, the methods have almost similar
detection limits. The disadvantages of SYBR green I
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include: it binds to any double-stranded DNA in the
reaction, including primer-dimers and other non-
specific products, causing overestimation of the target
concentration. Therefore, the method of SYBR green I
for RNA detection requires extensive optimization
of the primers employed. On the other hand, the
hybridization fluoro/quench probe Taqman method
requires separate probes for each mRNA target and
these probes are expensive to synthesize.

Recently, real-time PCR assay, measuring positive
as well as negative sense RNA, was also used for
detecting replicating DENV in PBMC from dengue
patients, a good indicator showing that the virus in the
infected cells had not been cleared by the cell-mediated
immunity [37]. Remaining problems in molecular
diagnosis of viral RNA include the lack of commercially
available reagent kits and the lack of standardization of
the existing tests.

Detection of Anti-dengue Virus Antibody

Historically, hemagglutination inhibition (HI),
complement fixation test (CF) and neutralization tests
were used extensively for measuring anti-DENV
antibodies [38,39]. The HI test, which is sensitive and
reproducible, possesses the advantages of using reagents
that can be prepared locally and being applicable to
differentiate primary and secondary infection based
on HI serotiters. Three main disadvantages of the HI test
have limited its wide application. First, tested serum
samples must be pretreated with acetone or kaolin, to
remove nonspecific inhibitors of hemagglutination,
and then must be absorbed using gander or type O
human red blood cells, to remove nonspecific agglutinins.
Second, the accurate HI test requires paired (acute
and convalescent) serum samples. Four-fold or greater
changes in HI titers between paired serum samples are
considered as confirmed “recent” infections. Third,
difficulty in discrimination between the DENV infections
from other closely related flaviviruses [e.g., Japanese
encephalitis virus (JEV) or West Nile virus (WNV)]
limits the applicability of the HI test to those geographical
areas in which other flaviviruses besides DENV are
also prevalent. Such a problem of cross-reactivity also
extends to serotyping DENV for understanding past
infections of the tested individual.

To minimize the disadvantages of the HI test, the
plaque reduction neutralization test (PRNT) is mainly
used to determine the serotype of DENV with which
the patients are infected [8,40]. In this test, dilutions of

56°C heat-inactivated tested human serum are incubated
with defined amounts of virus, which is required to show
sufficient plaques in the tested system. The endpoint
of the titration is the highest dilution of serum required
to reduce the number of plaques by 50-90%, depending
on the preference of the authors. The initial emphasis
on original antigenic sin and the experiments to
support the hypothesis on the “primary infection” of
DENV frequently used 90% plaque reduction for
PRNT [41]. The PRNT data supporting the hypothesis
on secondary infection and experiments of antibody-
dependent enhancement were likely obtained using
50-70% reduction cut-offs for reading the positive
reaction [42]. A 4-fold or greater increase in titers
between the acute and convalescent samples indicates
a current infection. PRNT serotyping is especially
useful in primary DENV infection, because the
laboratory results generally exhibit a monotypic reaction
to the infecting virus. In secondary DENV infections,
high-titer neutralizing antibody is produced against at
least 2 types of DENV and is generally cross-reacted
with all 4 serotypes of DENV, and other flaviviruses.
The disadvantages of PRNT include the time-consuming
titration of DENV and the careful handling of cell
culture techniques required in each step [43].

An ELISA-format microneutralization test for
dengue viruses possesses the advantages of ease of
performance and reading results, low cost, and increased
test efficiency [44]. This new method provided results
that were essentially the same as those from PRNT
for samples from primary DENV infection, but the
measurement results correlated poorly with the
samples from patients with secondary DENV infection.

Unlike traditionally complicated HI and PRNT
tests, a simple and rapid ELISA method has been
adapted to detect antibodies against DENV [45-51].
Using this method, a single medical technologist or
public health laboratory individual can screen numerous
serum samples per day. Moreover, ELISA requires no
troublesome serum pretreatment, and a few microliters
of sample are sufficient for a test. Several formats of
ELISA are designed for detecting DENV antibodies.
Classical indirect ELISA and immunoglobulin antibody
capture ELISA are the 2 most common formats. Indirect
ELISA uses the viral antigens to coat the microtiter
plates. Following serial incubation with patient serum
and enzyme conjugated anti-human immunoglobulin,
the chromogen substrate is added during the final
step for color development. The color is then read
using a spectrophotometer. The first target layer of
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this indirect ELISA can employ different antigen
preparations, including infected mosquito cells
grown on the microtiter plate [46], coated monoclonal
antibody to capture virus antigen [47], infected cell
culture supernatant [48,49], and polyethylene glycol-
concentrated DENV antigen [45]. Future evaluation of
different methods to prepare viral antigen in order to
achieve better sensitivity and specificity is needed.

Owing to the difficulty in preparing uniform
infected cells, complexity in processing the infected cells
and cost considerations, use of amplified DENV in
mosquito cells in microwells for antigen preparation
is not a practical ELISA method in epidemiological
investigation and clinical use. Therefore, monoclonal
antibody capture antigens or concentrated antigens
are frequently used in dengue ELISA. However, the
monoclonal antibody capture antigen method needs
the selection of high quality monoclonal antibodies
and optimization of the reaction protocol. Methods for
concentrating DENV also require extensive evaluation.
Recently, anti-human IgM capture ELISA (MAC-
ELISA) and anti-human IgG ELISA (GAC-ELISA)
were developed and widely used for detecting human
anti-dengue IgM and IgG antibodies. In this technique,
anti-human IgM and anti-human IgG are coated onto
different wells of microtiter plates. The viral antibody,
virus antigen and secondary antibody conjugated
with enzyme are then added and incubated sequentially.
The developed color solution is measured using a
spectrophotometer. Mouse brain-derived virus
hemagglutinin antigens [50] or cell culture-derived
virus antigen [51] served as the virus antigen in the IgM
and IgG capture ELISA tests, and the sensitivity and
specificity did not differ significantly between these 2
antigen preparations [51].

Other simple and quick modifications of ELISA
have been developed, marketed, and assessed, including
the immunochromatographic (IC) method (PanBio,
Australia), dipstick enzyme immunoassay (INDX
Integrated Diagnostics, Baltimore, MD, USA), and dot
blot assay (Genelabs Diagnostics, Singapore) for the
detection of anti-dengue antibodies. Evaluation study
based on a panel of 132 serum samples from suspected
dengue patients and control patients showed that
the sensitivity of these dengue antibody assays varied
between 96 and 100% for IgM and between 52 and
97% for IgG, whereas the specificity varied from 86
to 92% and 95-100% for IgM and IgG, respectively [52].
The IC method, which takes less than 10 min and
is highly convenient for bedside diagnosis and field

epidemiology, showed the lowest sensitivity for dengue
IgG detection (52%) among immunoassays. However,
the sensitivity and specificity of this method of dengue
IgM detection need further evaluation with regard to
primary versus secondary infections. Besides rapid
test kits, commercialized ELISA kits for measuring
dengue antibody are also available, and have variable
sensitivities and specificities [52-59]. Strengths of
the ELISA test include: ease of performance and user
friendliness, provision of evidence of recent dengue
infection by IgM-ELISA, and ability to distinguish
primary versus secondary DENV infection by
comparing the ratio of optical density readings of
dengue-IgM to dengue-IgG. However, the ELISA
test also had 2 major problems. First, the presence of
rheumatoid factor in patient serum may influence
the specificity of the dengue IgM test [60]. Second,
ELISA using whole virus antigens for the detection of
dengue-specific antibody still has certain cross-reactivity
with all 4 serotypes of dengue viruses, particularly in
experiencing secondary, tertiary, and quaternary dengue
viral infections. Purified serotype-specific recombinant
proteins expressed in Escherichia coli (11~14 kDa),
corresponding to the B domains of DENV glycoprotein
E, were successfully used for detecting DENV serotype-
specific antibody with immunoblot strip assay [61].
Serotype-specific epitopes of DENV were also identified
recently, using phage displayed peptide library. The
serotype-specific DENV antibody can be clearly
distinguished using phage-based synthetic peptides
[62,63]. An alternative design using NS1 serotype-
specific IgG ELISA has been developed and used to
determine serotype-specific antibody [64]. Recently
developed DENV envelope/membrane and NS1
serotype-specific capture IgM ELISA were successful
(detection rate, 86.1 and 83.3%, respectively) for DENV
serotyping in primary infections [65].

Dengue antibodies can be detected not only in serum
using the traditional method, but also in other body
fluids such as saliva and cerebrospinal fluid (CSF)
[66,67]. The sensitivity and specificity of dengue-IgM
detection in saliva correlated closely with IgM detection
in serum samples. Saliva-based dengue-IgM assay
should be especially useful for large-scale epidemiologic
studies and for diagnosing acute disease in situations
when blood collection is difficult due to cultural factors
or difficult venous access, particularly in very young
children.

The dengue IgM titer in CSF was invariably lower
than that in serum, causing low detection of dengue
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IgM in CSF. To date, the detection of dengue IgM
in CSF has not been a reliable method for diagnosing
dengue with central nervous system involvement.
However, the finding of dengue in CSF implies its
involvement in disease pathogenesis in the central
nervous system [68].

Numerous techniques have been developed for
serodiagnosis of dengue, and variations in parameters
and conditions are main concerns in quality assurance
of laboratory diagnosis. The parameters used to
compare different serologic tests (sensitivity, specificity,
predictive values), and how those specimens are
selected, including using tested samples and carefully
selected positive and negative controls are the most
important factors in method validation [54,69].

Differentiation of Primary Versus Secondary
Infection

The pathogenesis of DHF and DSS remains
controversial. Two main theories are generally proposed.
The secondary infection or immune enhancement
hypothesis has been the most commonly accepted
hypothesis to date [70]. The other hypothesis regarding
primary infection emphasizes virologic factors involved
in the pathogenesis of dengue infection [71]. Dengue
viruses might change due to selection pressures and
dynamic evolution as they undergo cross-species
replication in alternating human and mosquitoes, thus
increasing the number of DHF cases as an epidemic
progresses in the same epidemic center [72]. Certain
immune-selected virus strains in viral quasispecies
populations are very likely to increase the potential
for severe illness or larger epidemics of DHF/DSS
(Chao, Chang and King, personal communication).

Definitive differentiation of primary infection versus
secondary infection is a key issue to comprehensive
understanding of the pathogenesis of DHF. The
detection of DENV antibody provides the only method
of differentiating these 2 infections. The World Health
Organization has previously recommended that the
comparison of HI titers between paired acute and
convalescent serum samples can be used to differentiate
primary and secondary infections [39]. Since a primary
dengue infection leads to the slow elevation of the
HI antibody, the identification of a primary antibody
response must be inferred from the low level or absence
of detectable antibody in the acute-phase serum
drawn before day 5, and then converted to the higher
levels of antibody titers elicited in the convalescent

stage. The secondary antibody response to dengue is
characterized by the rapid increase of “much higher
titers” of HI antibody, with 4-fold or even greater
increases in titers between acute and convalescent serum
samples. The peak titers always exceed 1:1280 in
secondary responses, but generally fall below this ratio
in primary dengue infection.

Recently, MAC-ELISA has been devised to
replace the HI test, which requires complicated
procedures and suffers problems of cross-reactivity with
other flaviviruses. Innis et al used IgM and IgG capture
ELISA tests to detect both the dengue IgM and IgG
antibodies [50]. A dengue IgM-to-IgG ratio ≥1.8:1 was
defined as a primary dengue infection, whereas such
a ratio <1.8:1 reflected a secondary dengue infection
[9]. With serial specimens, a 4-fold increase in IgG to
dengue indicated a secondary infection in the absence
of IgM to dengue infection [49]. Kuno et al used the
IgM capture method and the classical indirect ELISA
method, a different approach from Innis, for measuring
dengue IgM and IgG, respectively, to define primary
versus secondary infections. The case with dengue
IgM-to-IgG ratio >1.4 was interpreted as a primary
infection and such a ratio <1.4 was inferred to be
secondary infection [45]. A commercial capture ELISA
for detecting dengue-specific IgM and IgG antibodies
(PanBio Dengue Duo, Australia) showed excellent
sensitivity and specificity for distinguishing primary
and secondary infections. In comparison to the provided
IgM and IgG reference sera, the dengue case was
defined as secondary infection when the serum
sample:calibrator absorbance ratio for IgG was
≥3.0 and there was no detectable IgM [73]. Schilling
et al combined anti-dengue IgM and IgG antibodies
with detection of virus or virus RNA for diagnosis of
primary and secondary DENV infection [74]. Recently,
NS1 serotype-specific IgG ELISA was also found to
be a reliable method for differentiating primary and
secondary virus infections [75].

The advantages and disadvantages of HI, capture
IgM-to-IgG ratio, and NS1-serotype-specific IgG
ELISA in the differentiation of primary and secondary
DENV infection are summarized in Table 2.

Unsolved Problems and Future Perspectives
of Laboratory Diagnosis

Recently, Shu and Huang [76], and Guzman and Kouri
[77] also reviewed advances in the laboratory diagnosis
of dengue. Regardless of numerous recently developed
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laboratory tests for diagnosing DENV infection, several
unsolved problems warrant further research efforts in
the future. Obtaining virus isolation results is tedious.
Serologic diagnosis of the dengue viruses is complicated
by the existence of cross-reactive antigenic determinants
shared by all 4 DENV serotypes and also by other
members of the flavivirus family, especially in secondary
dengue infection. Using recombinant technology
integrated with current understanding of structure
biology to minimize the expression of cross-reactive
amino acids for serologic diagnosis offers the most
feasible method of solving this cross-reactivity problem
in the future.

Quality control and quality assurance of laboratory
tests is a key concern, especially as the incidence of
severe DHF cases has increased worldwide. Facing
different sensitivities and specificities in various viral
antigen or nucleic acid detection methods, how to select
the most appropriate methods during the critical clinical
stages of DENV infection is a key issue in laboratory
diagnosis of dengue. Consensus guidelines established
by international committees or academic societies are
necessary for monitoring virus activity in surveillance,
patient care and treatment. The difficulty in detecting
primary and secondary infection is also an obstacle for
the laboratory diagnosis and pathogenesis exploration
of dengue. Kuno also pointed out the difficulty in
forecasting serologic outcomes based on mixed flaviviral
infections or distinguishing mixed infections from
sequential secondary, tertiary, quaternary infections
without corroborating information on the medical
history of the tested patient [69]. How to standardize

and assure the quality of the various commercially
available serologic test reagent kits is another persistent
problem. Because of the above problems and the varying
availability of reagents, not all clinical or public health
laboratories can perform the full scale of different tests.
Larger laboratories or central government-supported
agencies with more resources may offer the largest
number of tests and serve as reference laboratories
for small laboratories. Quality control programs and
proficiency testing must be performed at each level
of the laboratories. Donoso Mantke et al initiated an
external quality assurance program for serologic
diagnosis in Germany. The participants reported
concurrent and correct results for 71% of the IgG-
positive samples, 89% of the IgG-negative samples,
58% of the IgM-positive samples, and 97% of the IgM-
negative samples [78]. Disagreement was also found
between the results of participants and the reference
center in the quality control surveillance of serologic
diagnosis performed in the Americas [79]. Higher
discrepancy rate was also observed in the nucleic acid
amplification techniques in European countries [80].
However, most Asian countries/areas with high hyper-
endemicity of DENV activities lack reports on quality
assurance results.

Future studies must consider several interesting
issues related to the pathogenesis of severe cases of
dengue. The first question is whether any immune
complex of DENV with antibody exists in the blood
circulation between the late stage of viremia and the
early stage of antibody appearance. During secondary
infection, the virus may be bound with the pre-existing

Table 2. The advantages and disadvantages of hemagglutination inhibition (HI), capture immunoglobulin M to immunoglobulin
G (IgM-to-IgG) ratio, and non-structure protein 1 (NS1)-serotype-specific IgG enzyme-linked immunosorbent assay (ELISA) in
the differentiation of primary and secondary dengue virus infections

Method Advantages Disadvantages

HI Traditionally used method; ease and Paired sera are required; high cross-reactivity
simplicity in performance; no instrument with other flavivirus antibodies; incapable of
required for reading results measuring isotype-specific antibody response;

hard to differentiate dengue virus serotypes
Capture IgM/IgG ratio Usually only a single serum sample is Hard to differentiate dengue virus serotype

required; able to measure anti-dengue infection; reagent preparation is complicated;
IgM and IgG antibodies; low cross- no consensus criteria for cut-off value of IgM-
reactivity with other flavivirus antibodies; to-IgG ratio
can be performed automatically

NS1-serotype-specific IgG ELISA Can distinguish dengue virus serotypes Serotypes could not be correctly identified for
for convalescent-phase sera from primary convalescent-phase sera from secondary
infection and acute-phase sera from infection; reagent preparation is complicated;
secondary infection; can be performed no commercially available reagents
automatically
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antibody, making it undetectable using most current
virus isolation techniques. Acid treatment can detect
immune-complex-dissociated NS1 antigen in patients
with acute dengue viruses infections [81]. Wang et al
used a modified immunoprecipitation assay to
demonstrate that the plasma dengue viruses persisting
during defervescence were contained in the immune
complexes for most DHF patients [82]. The role played
by immune complexes in the pathogenesis of DHF/
DSS and linking to primary and secondary infection
remains unclear. Therefore, methods of detecting the
dengue immune complex in serum or tissue should be
investigated. Second, the question of whether any new
biomarker could be used to predict and diagnose DF
and DHF/DSS should be examined. Antibodies against
structural and non-structure proteins of DENV have been
studied. Valdes et al showed that anti-NS1 and anti-NS3
antibodies were detectable mainly in secondary cases,
whereas anti-E, and anti-NS5 antibodies were frequently
detected in both primary and secondary DENV infection
by Western blotting [83]. Se-Thoe et al found that
similar Western blot profiles of anti-E were observed in
both primary and secondary DENV infections, but only
in approximately one-third of patients with primary or
secondary DENV infections was antibody to NS1
detected, with a rate of less than 10% for antibody to
NS3 protein [84]. Churdboonchart et al reported that
primary dengue cases, whose serum samples were
obtained during the convalescent phase, exhibited low
titers of IgG class antibodies to E proteins and 2 non-
structure proteins NS1 and NS5. Meanwhile, secondary
dengue-infected patients whose sera samples were
gathered during the acute phase always displayed IgG
antibodies to E proteins, while those whose sera samples
were collected during the convalescent phase showed
high titers of IgG antibodies to NS1, NS3, NS5 and C
proteins [85]. By using an immunodominant NS1
synthetic peptide and ELISA, Huang et al indicated
that anti-NS1 antibodies were detected in both primary
and secondary infection [86]. The discrepancy among
the above findings resulted from variations in viral
protein preparation, case definitions of primary and
secondary DENV infection, dates of sample collection,
and study sample size. Recently, Shu et al developed
NS1 serotype-specific IgG ELISA for differentiation
of primary and secondary DENV infections by
using flavivirus group-specific monoclonal antibody
as capture antibody and NS1-containing culture
supernatants of DENV as detecting antigens to overcome
the pitfalls in antigen selection [75]. Besides antibodies

against these viral proteins, expressions of certain
cytokines, chemokines, innate immunity, and cellular-
mediated immune responses may be alternative approaches
for diagnosing dengue and managing patients. To improve
and extend currently used techniques, more reliable and
practical methods are required for research and
development. The application of modern techniques,
nucleic acid chips, protein chips and new biomarkers in
studies on dengue diagnosis and pathogenesis represents
a significant challenge for the future.
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