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Introduction: The Diagnostic
Challenge

Dengue is diagnosed by isolation of the virus,
by serology, or by molecular diagnostic
methods. Although several commercial kits for
the diagnosis of dengue are available, concerns
have arisen with respect to the performance
characteristics of these kits. In theory, it should
be possible to establish a diagnosis of on-going
or recent dengue infection during the acute or
early convalescent stages of the disease. When
such tests require the identification of the virus
or the viral genome they are expensive and
require specialized laboratories. Affordable
commercial kits of adequate sensitivity and
specificity that are able to diagnose dengue
infection during the acute stage have not been
developed. It is also possible that virological or
physiological tests applied during the acute stage
of the illness might be capable of predicting
the severity of dengue virus infection.

Objectives

The aims of this workshop were to review
available data on the performance and utility
of rapid tests, to investigate new developments
in dengue diagnostics, and to develop
strategies for the selection of the best tests to
assist in the diagnosis of the disease.

Specific outcomes

An up-to-date inventory of the current rapid
tests was presented and the utility of selected

tests was discussed. The current industry
activities regarding new approaches to
diagnostics for dengue and recommendations
for the characteristics of ideal diagnostics for
specific indications was provided.

Structure of the workshop

The first part of the workshop comprised a
discussion on Laboratory diagnosis of dengue.
The sections relevant to Laboratory diagnosis
included presentations relating to
immunological responses in dengue, an
overview of methods for laboratory diagnosis,
a focus on patient screening, epidemiology,
and virological diagnosis. The laboratory
diagnosis of dengue using commercial kits was
also discussed. The second day featured
Diagnostic needs for dengue and covered
specific methods for the diagnosis of dengue
by means of the detection of antigen and
antibody, including the use of recombinant
molecules. The use of molecular diagnostics
was also presented. Later sessions were
devoted to Strategic planning, with
presentations covering the challenges ahead
for dengue diagnostics, including the need for
quality assurance and a network of reference
laboratories.

Summary of Discussion of
Tests for Acute Infection

It was generally agreed that acute infection with
dengue virus was implicated when dengue
virus was isolated or the specific dengue virus
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genome was identified by reverse transcription-
polymerase chain reaction (RT-PCR) from
serum or plasma during an acute febrile illness
consistent with a dengue syndrome. Circulating
levels of nonstructural glycoprotein 1 (NS1)
correlate with titres and increases in levels of
specific immunoglobulin M (IgM), evidencing
a recent acute infection with dengue virus. Use
of the following diagnostic tests were
recommended:

Virus isolation

Virus isolation by inoculation in cell cultures or
mosquitoes followed by detection of specific
antigens using indirect immunofluorescence is
considered to be the �gold standard,� although
it requires technical expertise, and is time
consuming and relatively expensive.

Reverse transcription-polymerase
chain reaction (RT-PCR)

RT�PCR, such as one-step or nested RT�PCR
or the isothermal nucleic acid sequence-based
amplification (NASBA) for RNA, are now widely
used to detect dengue viral genes in acute-
phase serum samples. The detection of the
dengue genome coincides with the onset of
viraemia. RT�PCR is not considered to be a
rapid test and the high degree of variability
between laboratories suggests that more work
is required for standardization to be achieved.

IgM and IgG Enzyme-Linked
Immunosorbent Assay (ELISA) in
acute primary infections

Patients with a primary infection produce an
IgM response to dengue virus, which starts as
early as the third day after the onset of fever,

but is not uniformly detected until 7 or more
days after the onset of fever. The IgM titre
continues to rise for 1 to 3 weeks and is
detectable for up to 2 months after infection.
IgG antibodies to dengue virus are produced
approximately 2 weeks after a primary dengue
infection and are maintained for life. An acute
primary infection with dengue virus can be
identified by IgM:IgG ratios in an IgM capture
ELISA with acute- and convalescentphase
specimens taken at an interval of approximately
7 days.

Summary of Tests Discussed
for Secondary Infection

As in primary dengue infections, IgM may be
detected as early as 3 days after the onset of
fever during a secondary infection, but not
optimally until at least 5 days after the onset
of fever, while the IgG titre rises rapidly from
3�5 days after the onset of fever. Thus, patterns
of IgM and IgG reactivity determined by ELISA
in sera obtained 5 or more days after the onset
of fever can be used to distinguish between
primary and secondary dengue infections. The
presence of IgM antibodies to dengue virus in
the absence of IgG antibodies indicates a
primary infection, whereas when IgG antibody
titres are higher than those of IgM, the
presence of a secondary dengue infection is
established. IgM antibodies acquired after
infection with Japanese encephalitis virus (JEV)
are relatively specific and can be used to
differentiate between Japanese encephalitis
and dengue infections. The ELISA, however,
can be time consuming and not easily
converted to a point-of-care-test (POCT).
Recombinant flavivirus antigens are being
introduced to identify IgM and IgG antibodies,
but their specificity and sensitivity compared
with that of inactivated whole virus have not
been fully established.
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Rapid Diagnostic Tests

Lateral flow tests for dengue
antibodies

Lateral flow tests for antibodies to dengue
provide the same information as ELISAs. Tests
using recombinant viral envelope glycoproteins
of dengue viruses 1, 2, 3, and 4, respectively,
have been introduced. These antigens are
widely used in commercial kits. Careful studies
are required to demonstrate sensitivity and
specificity in diagnosing acute primary and
secondary dengue infections and to
differentiate between dengue, Japanese
encephalitis, West Nile fever and yellow fever
infections. When properly standardized, these
tests offer an alternative to diagnostic tests using
whole-virus antigens and should provide the
clinician with a rapid and inexpensive method
of distinguishing between acute and secondary
dengue virus infections. Although lateral flow
tests for dengue may suffer from lower
sensitivity than ELISAs, they are true POCTs
(rapid tests) and have several other advantages.
Some of these features include ease of
performance, speed, high stability with easy
differentiation between primary and secondary
infection using a single dilution of serum.

Lateral flow tests for dengue
antigens

Lateral flow tests might be developed to
capture whole virus, viral envelope antigens
or nonstructural viral proteins in blood taken
during the acute phase of infection. Such tests
have been carried out experimentally, but have
not been developed commercially. It is also
possible that such tests could identify the
specific infecting dengue virus, thus contributing
important epidemiological data.

Strategies for Consideration

It was determined by the participants in the
workshop that the tests used for dengue should
include those for primary care, ward care,
hospital laboratory use, case surveillance and
epidemiology. Furthermore, tests to determine
disease severity, prognosis and vaccine
evaluation were also considered to be important.
The specifications of the ideal test for dengue,
depending on purpose, are described below;
the specifications were checked during and after
the meeting with dengue experts. A strategy
for prioritization of the various tests required for
dengue was also established.

Specifications of the ideal test for
dengue

Assuming that the ideal test for dengue has a
high sensitivity and specificity, the first and
second priorities for different uses include the
following:

Clinical use

First priorities:

� early determination of acute dengue virus
infection during the febrile phase;

� distinguishes between dengue and other
flaviviruses;

� cheap;
� easy to use at all levels of the health

system (rapid to perform).

Second priorities:

� remains positive after day 3 of symptoms
(for patients who present at a late stage in
the disease); however, the clinical
manifestations of dengue can usually be
recognized;
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� if possible, provides an early marker of
severe disease;

� distinguishes between first and
subsequent infections;

� distinguishes between serotypes;
� stable at higher temperatures (greater than

30 °C), to be used at low-level healthcare
units without refrigerators.

Epidemiological surveillance

First priorities:

� early determination of acute dengue virus
infection during the febrile phase;

� remains positive after day 3 of symptoms
(for patients who present at a late stage in
the disease) and detects recent infection,
although symptoms may have disappeared;

� distinguishes between dengue and other
flaviviruses;

� distinguishes between serotypes (related
to actual and also to past exposure, in order
to determine rates of attack);

� cheap;
� easy to use at all levels of the health

system (rapid to perform).

Second priorities:

� distinguishes between first and subsequent
infections;

� stable at higher temperatures (above 30 °C);
� has a long shelf-life.

Efficacy trials (vaccines and drugs)

First priorities:

� distinguishes between dengue and other
flaviviruses;

� distinguishes between serotypes;
� distinguishes between first and subsequent

infections;
� gives a positive result throughout the whole

period of illness.

Second priorities:

� acts as a marker of severe disease;
� easy to use.

Type of test

Short-term tests

Short-term tests include those for ward care,
hospital laboratory and vaccine evaluation. It
was suggested that for ward care the current
IgM lateral flow test is adequate, although it
was noted that the test generally gives negative
results in the early clinical phase of the disease.
For high throughput in hospital laboratories,
ELISA was considered to be more suitable. For
vaccine evaluations, it was suggested that the
test for neutralizing antibody was most
appropriate.

Mid- to long-term tests

For primary care, it was agreed that the
detection of immune-complex dissociated NS1
antigen was best in a rapid test format. In
addition to NS1 antigen, it was recognized that
IgM and IgG antibodies to dengue should be
detectable on the same lateral flow strip.
Although type specificity was not required in
this format, the need to distinguish dengue virus
from the other flaviviruses was emphasized.
Two additional detection systems for dengue
were judged to be worth considering. One was
a simple quantitative agglutination test,
developed at Nagasaki University; the other
test was under development at the Pasteur
Institute. It was noted that neither the exact
test configuration nor the performance
characteristics of these systems were provided.

The implementation of molecular diagnostic
tests, such as RT-PCR, in the hospital laboratory
was considered to be important, having the
potential to replace virus isolation. The present
lack of standardization, complexity and higher
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costs would delay the widespread use of these
tests. An attractive alternative to RT-PCR was
real-time reverse transcription loop-mediated
isothermal amplification assay (RT-LAMP) for
dengue. This method is faster, cheaper and
more sensitive than the current molecular tests
for dengue and could also be used for case
surveillance, perhaps in conjunction with
methods employing serotype-specific antigens
and antibodies. It was considered that there
was an important need for more definitive
tracking of dengue using molecular
epidemiological methods and that this should
progress more quickly after standardization of
molecular sequencing methods. Prospective
studies on healthy volunteers would be
required for these epidemiological studies.

Test evaluation

Short- and mid-term tests

It was suggested that there was a need for
patient panels to be used in the detection of
antibody, antigen and nucleic acid targets.
These panels should be representative of well-
defined primary and secondary infections, with
all four serotypes of dengue included. In
addition, patients should be categorized by age,
day of illness, day of defervescence and severity
of the disease. The proper use of these panels
would require selection criteria and
specifications for sample size.

It was suggested that the evaluation be
performed in different geographic settings and
that effectiveness should be assessed. It was
emphasized that selection criteria and clear,
standardized test protocols on the
methodologies and the evaluation of test
performance should be established prior to
evaluation. It was expected that the World
Health Organization (WHO) reference
laboratories, along with other qualified reference
laboratories, would be potential evaluation sites.

Long-term tests

It was suggested that a study should be carried
out to evaluate the cost�benefit of the test
systems for both the patient and health-care
providers, as no data currently existed in this
category. A comparison with the costs
associated with vector control should be also
provided. Furthermore, an assessment of the
overall impact on public health should be
performed.

Establishment of Reference
Laboratories

Reagents

The identification of sources of standard
reagents for immunodiagnostics and molecular
diagnostics was considered to be an important
requirement, and that blood banks could be
involved in this programme. Although the
acquisition of reagents from commercial
suppliers was endorsed, it was noted that
reagent sharing would be more restricted.

Quality assurance

Proficiency testing was stressed as an important
goal; this testing could be organized by WHO
as part of the Collaborating Centre
recertification process via the WHO/
Communicable Disease Surveillance and
Response (CSR) Office in Lyon and could
consist of a panel other than that used to
establish new assays. It was suggested that each
laboratory should use local specimens for this
purpose. International standards for validation
and quality control must also be used. Before
establishing such a programme, there must be
agreement on the reference �gold standard�.
The importance of documentation was
emphasized at this stage and it was expected
that WHO would take responsibility for revising
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the manual on Diagnosis, treatment and
prevention (WHO, 1997) at that time.
Furthermore, assistance with good laboratory
practice and good clinical practice should be
provided by WHO.

Laboratory selection

It was noted that an early task would be to
establish a list of laboratories willing to
participate in a reference laboratory
programme. The criteria for laboratory selection
would be based on capacity, resources, past
performance, scientific team, quality assurance/
quality control capability and whether the
facility was in an endemic area. The WHO
Collaborating Centres involved should provide
standardized protocols for testing. The Centres
should also have easy access to reagents and a
specimen repository.

Funding

Funding would be required for the basic
activities of the reference laboratories; sources
should include nongovernmental organizations,
government and industry.

Research Needs

Research needs were considered to be mid-
to longer-term goals.

New technologies on old platforms

It was recognized that new technologies could
be evaluated in the context of existing
technology platforms. This would shorten
development time for the introduction of new
and improved diagnostic tests for dengue. Some
of the approaches that might be exploited are
new antigen concentration methods and the

use of non-infectious virus-like particles (VLPs).
There was a need for the use of additional,
recently described, recombinant dengue
antigens to be thoroughly evaluated in old
platforms.

Vaccine studies

A standard test for vaccine studies needs to be
finalized. The tests under consideration were
the neutralization and protection tests for
determining efficacy.

Strain variability

Tests for strain variability must be established;
these tests would have an impact on vaccine
coverage, pathogenesis and diagnostic efficacy.
To this end, a virus strain bank and a gene
sequence bank should be established.

Prognostic markers

Given the limitations of the present
immunological and nucleic acid-based tests, it
was suggested that research into the
development of new prognostic markers was
required.

Project Organization and
Funding

Stakeholders and potential funding
agencies

A key to the successful implementation of a
comprehensive diagnostic programme for
dengue was considered to be the organization
and funding of projects. Early in the programme,
it would be important to get the stakeholders
(such as clinicians, public health authorities,
medical device manufacturers and vaccine
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suppliers) involved, so that a workable plan
could be established. The potential funding
agencies, such as WHO, Pediatric Dengue
Vaccine Initiative (PDVI), the Bill and Melinda
Gates Foundation, National Institutes of Health
(NIH) and other government agencies would
have to be contacted. It was agreed that there
was a need for a �road map� to seek funding,
and biannual meetings between the reference
laboratories and WHO would be required in
order to maintain good communication.

Leadership

The leadership required should be provided
by WHO and should include stakeholders. It
would be important for the Dengue Working
Group and all other relevant divisions within
the WHO to be involved in this programme.

Information network

It was suggested that an information network
be established with funding derived from
industry. The purpose of this network would
be for the free exchange of information. It
would also facilitate training. For example, the
proper use of dengue POCTs could constitute
an important element of this programme. The
organization of this network would have to be
defined by WHO. Finally, DengueNet[1] needs
to evolve to meet the needs of such a network.

Participation and training

Local government support would be required
for local laboratory participation, and training
should be supervised by the WHO Regional
Offices.

TDR/PDVI

Initiate organization &
funding for development

of new dengue tests

Identify companies
for collaboration in
test development

Define key
research needs

Establish
reference

labs
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Figure: Strategy for the development of improved tests for dengue: TDR/PDVI activities

NS1: nonstructural glycoprotein 1; PDVI: Pediatric Dengue Vaccine Initiative; POCT: point-of-care t est;
QA: quality assurance
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Next Steps

An overview of the main elements of the
proposed UNICEF/UNDP/World Bank/WHO
Special Programme for Research and Training
in Tropical Diseases (TDR)/PDVI strategy for
the development of improved tests for dengue
is presented in Figure 1. More details were
given in the presentation by R. Peeling (The

role of WHO/TDR in facilitating the
development, evaluation and application of
diagnostics for dengue).
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