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Abstract

The lack of in vitro and in vivo disease models has hampered the understanding of dengue virus
pathogenesis. There are four genetically different serotypes of dengue virus (DENV), and it has long been
believed that each serotype is antigenically uniform. Antigenic heterogeneity within serotypes may exist,
according to recent investigations, but its origin, degree, and significance are yet unknown. Tropical and
subtropical climates are home to dengue, an arthropod-borne virus that has a significant negative impact on
both human health and the local economy. Dengue is the world’s most common arboviral infection, with
almost 4 billion people living at risk of dengue infection. A recently introduced vaccine is recommended only
for seropositive individuals in a restricted age range determined by transmission intensity. Dengue control
still mainly depends on vector control methods because there is currently no effective dengue vaccination
for the general public or antiviral medication. The detection and successful typing of dengue virus (DENV)
from patients with suspected dengue fever is important for diagnosing the disease and implementing
epidemiologic control measures. Access to testing is paramount to preventing future infections and receiving
adequate treatment. Dengue can be diagnosed clinically against predefined lists of signs and symptoms
and by detection of NS1-based antigen testing, IgM/IgG antibody testing, and polymerase chain reaction
(PCR). Furthermore, new techniques are developing that can reduce expenses and time. All around the
world, these kinds of techniques can be successful in low-income and rural communities. For clinical care
(i.e., early detection of severe cases, case confirmation, and differential diagnosis with other infectious
diseases), surveillance, outbreak control, pathogenesis, university research, vaccine development, and
clinical trials, efficient and accurate dengue diagnosis is crucial. Based on each diagnostic test's advantages
and disadvantages, we describe in this overview the circumstances in which it would be most helpful
epidemiologically. Serological studies frequently reveal cross-reactivity with other flaviviruses, though.
Therefore, the creation of inexpensive, reliable, reusable, disposable, and accurate diagnostic tests is
essential to preventing DENV outbreaks and reemergence in the future.
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Introduction year [3]. Dengue is caused by four serotypes of
dengue virus (DENV1, DENV2, DENV3, and DENV4)
in the Flaviviridae family [4]. The genomic RNA of
DENV encodes three structural proteins (C, pr M, and
E) and seven non-structural proteins (NS1, NS2A,
NS2B, NS3, NS4A, NS4B, and NS5) [5]. At both the
5" and 3' ends, the DENV open reading frame is
flanked by untranslated regions (5'-UTR and 3'-UTR).
The DENV genome has a lot of variation in it. While

Humans are mostly affected by the mosquito-borne
disease dengue in tropical and subtropical regions of
the world [1]. It is a growing public health hazard that
contributes to morbidity and mortality in suburban and
urban settings [2]. Globally, WHO has estimated that
around 3 billion people reside in areas where there
are risks of exposure to dengue virus, and nearly 50
million people are infected with dengue virus every
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there may be antigenic variability within each
serotype, little is known about the origins, frequency,
and significance of this heterogeneity. DENV
sequence-based typing has identified canonical
clades known as "genotypes." [6], and each serotype
has four to six geographically distinct genotypes.
DENV1 comprises genotypes |, II, Il (sylvatic), IV, V,
and VI [7]. DENV2 comprises Asian-l, Asian-ll,
Asian/American, American, cosmopolitan, and
sylvatic genotypes [8]. DENV3 comprises genotypes
[, I, M, 1V, and V [9], and DENV4 comprises
genotypes |, lIA, IIB, lll, and sylvatic [10]. Specific
genotypes have been associated with mild or severe
disease, and heterogeneous neutralization titers
suggest that the immune response to some
genotypes is more cross-protective than it is to others
[11]. Most people agree that intra-serotype antigenic
variation plays a role in genotype-specific case
outcomes and epidemic patterns and that these intra-
serotype differences are not as significant as the
inter-serotype variances [12]. Recently a fifth
serotype was identified [13]. Early diagnosis plays a
crucial role in detecting an epidemic or outbreak and
in undertaking effective vector control measures [14].
Dengue infection can be diagnosed in a lab setting
using a variety of techniques, including virus isolation,
RNA detection, antigen assays, and antibody testing.
However, viral isolation and RT-PCR-based viral
RNA identification are both time-consuming
processes that need specialized laboratories with
expensive equipment and highly qualified staff, both
of which might not be readily available in hospital
settings [14]. In most of the cases, serologic tests are
used to detect IgM and IgG antibodies by ELISA.
During the acute phase, the presence of IgM
antibodies indicates primary infection and it appears
after the viremia ends or after the fever subsides [15].
However, in secondary infections, 1gG antibodies rise
to high levels within the first week of infection and
reduce over 3 to 6 months [2]. Recently, the detection
of nonstructural protein 1 (NS1) antigen during the
acute phase of disease in patients having primary and
secondary infections has been studied in various
laboratories across the world [17]. NS1 is a highly
conserved glycoprotein for all the serotypes and is
produced in both cell membrane-associated and
secreted forms [16]. It is essential for virus viability or
replication but has no biological activity and a precise
function has not yet been assigned to it [18]. It
stimulates a strong humoral response [19]. NS1
antigen is detectable in blood from the first day after
the onset of fever up to day 9, and is also detectable
in the presence of IgM antibodies and when viral RNA
is negative by RT-PCR [17].

Conventional Methods of Laboratory Diagnhostics
Serological Tests

When compared to molecular or culture-based
testing, serological tests are more commonly
employed to detect dengue infection since they are
less expensive and easier to perform. The most
popular specimens for assessing the presence of
neutralizing antibodies and IgM are serum and
cerebrospinal fluid. Whole blood and plasma samples
are, nevertheless, sporadically utilized as test
specimens. IgG antibody levels have the potential to
serve as a dengue detection biomarker. After an initial
infection, the human body retains its 1gG level. In
cases of secondary infection, it may provide
equivocal findings, and in individuals infected with or
immune to other flaviviruses (West Nile virus (WNV),
Yellow fever virus (YFV), or Zika virus (ZIKV), it may
show false positives.

IgM-Based Tests (IgM ELISA)

Antibodies are proteins generated by the immune
system to fight against the attack of an antigen [20].
B-cells, T-cells, and immunoglobulin proteins, such
as lg (G, M, A, E, and D), are examples of typical
antibodies that are created in response to antigens.
During an infection, IgM antibodies are usually
produced five days after the onset of symptoms, and
they persist in the human patient's body for 2—3
months, sometimes even longer [21]. The main issue
with Dengue antibody detection equipment is that
samples are taken before the five-day negative
window. The IgM antibody response to dengue
infections is stronger in first-time cases, but the I1gG
antibody response is higher in secondary infections
[22]. An enzyme-linked immunosorbent assay
capturing the IgM antibody (MAC-ELISA) test, first
developed by the Armed Forces Research Institute of
Medical Sciences, can sense IgM antibodies in
dengue [23]. Numerous commercially available MAC-
ELISA testing kits have been developed and
marketed to test dengue infection globally. To
perform the test, the dengue IgM antibody is usually
captured from the patient’'s serum specimen by anti-
human IgM antibodies in a solid phase. A sandwich-
type immunoassay is then developed using
recombinant dengue-derived antigen and DENV-
specific monoclonal antibody [24]. In the United
States, the Food and Drug Administration (FDA) has
given clearance to the first such test named DENV
Detecta IgM Capture ELISA by In Bios International,
Inc. (Seattle, WA, USA) [25]. By binding the human
IgM antibody to DENV recombinant antigens in a 96-
well plate, it offers qualitative detection [26]. To verify
the positive test a Plague Reduction Neutralization
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Test (PRNT) is done [27]. To clinically prove the
effectiveness of the In Bios test, the FDA conducted
five clinical studies in different sites. The first clinical
study showed that 2—-3 days of onset fever and 4-5
days of onset fever showed only a 28.7% (2—3 days)
and 40.3% (4-5) chance of a positive result.
However, after 67 days, the percentage went up to
75.9% of a positive result, and after 8—10 days, the
percentage went up to 88.7% [28]. Another study
tested the cross-reactivity of the assays. The only
virus that was cross-reactive was the WNV [29]. This
assay presented a sensitivity of 96% and a specificity
of 94% [28]. These IgM fast tests and IgM-based
ELISA assays have several intrinsic flaws. In clinics,
the POC tests' limited sensitivity can be a major
disadvantage. In the United States, only one such
POC test is approved, and before six days, the test is
unreliable to a certain extent. Due to some cross-
reactivity, a PRNT-based test is needed to confirm the
results in some cases. The incubation period for
dengue fever is usually five days, and the acute
illness can be observed from 0-7 days of disease
infection, sometime after that period, some patients
experience hemorrhagic shock. Viral load can be
measured in the early stages of infection using RT-
PCR or any other molecular detection technique.
Simultaneously, NS1 can also be diagnosed up to 10
days of infection by the ELISA method. IgM or IgG-
based testing is useful to diagnose dengue infection
after a few days of infection.

IlgG-Based Tests (IgG ELISA)

IgG-based tests can be used for determining past or
present infections. The IgG antibody is produced after
IgM, and IgG antibodies can persist for a more
extended period, even lifelong [30]. A four-fold spike
in IgG antibodies is often attributed to a recent
infection [31]. IgG-based ELISA tests have been
made available for purchase by Standard Diagnostics
(Seoul, South Korea) and Panbio Inc. (Brisbane,
Australia; now Alere Inc., Waltham, WA, USA) [32].
The Standard Diagnostics IgG-based ELISA has a
sensitivity of 81.2% and specificity of 39.8%. Panbio,
on the other hand, had a sensitivity of 63.5 and a
specificity of 95.3% [32]. Other IgG ELISA tests from
companies such as in bios (Seattle, WA, USA),
Abcam (Cambridge, MA, USA) and Euroimmum
(Lubeck, Germany) also exist [33]. A study was done
comparing these tests with their NS1 and IgM/IgG
antibodies and observed that the IgG tests had a high
rate of false positives and high cross-reactivity [33].
IgG tests can be useful in certain instances, but IgM
and NS1 ELISA are more useful for acute infections.
Due to cross-reactivity with other flavivirus IgG
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antibodies, it is challenging to determine primary
infection just by testing 1gG-based assays [34].

IgM/IgG Ratio Tests

An IgM/IgG ratio test is usually a differentiating test
between first-time and later infections [35]. Optical
density (OD) is measured in both IgM and 1gG ELISA
tests. A ratio greater than 1.32 is considered as
primary infection, while a ratio below 1.32 is
considered secondary [36]. Specific laboratories
often regulate the cutoff value of the OD ratio to
determine the outcome of the infection. One
laboratory in Northern India determined that the best
cutoff ratio is 1.1 [37]. It can be helpful to identify the
type of infection present by using both IgM and IgG.
The cutoff ratio is subject to change based on the
results of the IgM and IgG tests.

Hemagglutination Inhibition Test

The hemagglutination Inhibition (HI) test is a standard
test for distinctive primary and later DENV infections,
but it cannot detect early infection [38]. Red blood
cells or tympanized human O red blood cells
agglutinate due to the presence of viral antigen [39].
Anti-dengue antibodies can prevent agglutination,
and the robustness of the inhibition is tested by this
test [40]. Antibody response to a first infection is
typically minimal, whereas antibody titers to
subsequent infections are typically high, exceeding
1:1280. Values less than 1:1280 are typically
considered to be the main infection [40]. A study was
done where an IgG ELISA and HI were tested to show
if they can differentiate between primary and
secondary infections [41]. IgG ELISA divided sample
OD with a mean of calibrator OD. Any value below 1
was characterized as a primary infection, and any
amount over 1 was a secondary infection [41]. The
study found that HI and IgG were able to detect
primary infection ideally with 16/16 samples detected.
However, for secondary infections, HI was inferior to
the IgG-based test. HI test was only able to detect
23/73 secondary infections, while the IgG ELISA test
was able to identify 72/73 samples [41]. The IgG
ELISA test is much easier to perform than Hl testing,
and IgG testing is much more reliable. HI also fails to
distinguish between other flaviviruses [39]. However,
HI tests are easier to complete than plaque reduction
neutralization tests (PRNT) because the viral culture
is not required for HI [42].

NS1 Based Tests

Nonstructural 1 (NS1) antigen plays a significant part
in replicating DENV into the host cell. The antigen is
produced and discharged into the bloodstream of the
infected patients; as a result, it is considered an

Ghanem Mohammed Mahjaf, Leila Mohamed A. Abdelgader, (2024). The Conventional Diagnostic Techniques of Dengue Fever in Endemic Areas: A Review of

The Approaches with A Focus on Advanced Diagnostic Tools. Journal of Virology and Vaccination. 3(1); DOI: 10.58489/2836-6387/006

Page 3 of 8


https://www.mediresonline.org/journals/journal-of-virology-and-vaccination

Journal of Virology and Vaccination

essential biomarker for detecting flavivirus infection at
an earlier stage [43]. NS1 tests are particularly
important in clinical settings because they can detect
the acute phase of the DENV, and NS1 persists
longer than viremia in blood [44]. Usually, lateral flow-
based rapid assays are used as rapid detection
schemes, and antigen-capture ELISAs are used in
laboratory-based testing [45]. According to the CDC,
the NS1-based tests show similar outcomes as
molecular tests in the first week of infection [46].
There is currently one FDA-approved NS1 test in the
USA, the DENV Detect NS1 ELISA (In Bios
International), and it provides qualitative results [47].
However, currently, there are seven commercially
available tests, with four of them being rapid tests
[48]. Several studies have been reported to evaluate
the sensitivity and specificity performance of all these
testing devices. However, the Detect NS1 ELISA
(InBios International), which is the only FDA-
approved product in the market, has a sensitivity of
95.9%, which makes it the superior product among its
peers (89.4% by BioRad and 85.6% by Panbio) [49].
A positive NS1 confirms a DENV infection, while a
negative result does not eliminate infection possibility.
If a negative test result occurs, then an IgM-based
test should be performed [46]. A notable downside of
NS1-based tests is that they are not recommended
after seven days [50].

Molecular Detection

Molecular examinations carried out in a centralized
lab setting, nucleic acid tests (NATs) demand
expensive equipment and knowledgeable personnel.
Most NATs need RNA/DNA extraction, which is
typically impossible in POC environments. With
increased sensitivity and accuracy, NATs identify and
measure viral RNA/DNA, enabling acute phase
detection. It is possible to find the viral genome five
days after symptoms appear. Numerous assays that
can offer semi-quantitative, qualitative, or quantitative
detection have already been created. Three
fundamental processes are included in all nucleic
acid detection assays: extraction and purification of
the nucleic acid, nucleic acid amplification, and
detection and characterization of the amplified
product. Viral RNA can be extracted and purified from
the samples using conventional liquid phase
separation techniques (e.g., phenol, chloroform), but
have been gradually replaced by silica-based
commercial kits (beads or columns) that are more
reproducible and faster, especially since they can be
automated using robotics systems. Many labs use a
nested RT-PCR technique, which involves first
reverse transcription and amplification of the C/prM

region of the genome using universal dengue
primers, and then serotype-specific nested PCR
amplification [51]. A combination of the four serotype-
specific oligonucleotide primers in a single reaction
tube (one-step multiplex RT-PCR) is an interesting
alternative to the nested RT-PCR [52]. The
amplification products are seen as bands with varying
molecular weights on the agarose gel using ethidium
bromide dye, and they are compared with
conventional molecular weight markers after the
products of these processes are separated by
electrophoresis on an agarose gel. Dengue serotypes
in this test design are distinguished by the width of
their bands. Compared to virus isolation, the
sensitivity of the RT-PCR methods varies from 80%
to 100% and depends on the region of the genome
targeted by the primers, utilized to detect or amplify
the PCR products (e.g., one-step versus two-step RT-
PCR), as well as the subtyping technique (e.g.,
restriction site-specific PCR, nested PCR, blot
hybridization with specific DNA probes, sequence
analysis, etc.). Non-specific amplification can lead to
false positive results, thus it's critical to focus on
dengue-specific genomic areas that are not shared by
flaviviruses or other similar viruses. False-positive
results may also occur as a result of contamination by
amplicons from previous amplifications. This can be
prevented by physical separation of different steps of
the procedure and by adhering to stringent protocols
for decontamination.

Real-time RT-PCR

Real-time RT-PCR is a one-step assay technique that
uses customized primer pairs and probes for each
dengue serotype to quantify viral RNA. Without the
requirement for electrophoresis, the reaction products
can be found in real-time in a specialized PCR
machine thanks to the employment of a fluorescent
probe. TagMan or SYBR Green technologies have
been used in the development of numerous real-time
RT-PCR tests. Because the probe hybridizes
specifically with the target sequence, the TagMan
real-time PCR exhibits excellent specificity. However,
not all dengue virus strains may be detectable by
primers and probes published in papers. This is
because the sensitivity of the primers and probes is
dependent on how closely they resemble the targeted
gene sequence of the specific virus under study. The
SYBR green real-time RT-PCR is potentially less
specific but has the benefit of simple primer design
and universal RT-PCR techniques. Real-time RT-
PCR assays are either “singleplex” (i.e. detecting only
one serotype at a time) or “multiplex” (i.e. able to
identify all four serotypes from a single sample). The
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multiplex assays have the advantage that a single
reaction can determine all four serotypes without the
potential for the introduction of contamination during
the manipulation of the sample. However, the
multiplex real-time RT-PCR assays, although faster,
are currently less sensitive than nested RT-PCR
assays. An advantage of this method is the ability to
determine viral titers in a clinical sample, which may
be used to study the pathogenesis of dengue disease
[53].

Isothermal amplification methods

It is not necessary to use thermal cycling equipment
for the isothermal RNA-specific amplification test
known as NASBA (nucleic acid sequence-based
amplification). The initial stage is reverse transcription
in which the single-stranded RNA target is copied into
a double-stranded DNA molecule that serves as a
template for RNA transcription. Detection of the
amplified RNA is accomplished either by
electrochemiluminescence or in real-time with
fluorescent-labeled molecular beacon probes.
NASBA is a potential tool for field research on dengue
infections since it has been tuned to detect dengue
viruses with a sensitivity that is comparable to that of
viral isolation in cell cultures. Loop-mediated
amplification methods have also been described but
their performance compared to other nucleic acid
amplification methods is not known [54].

Future Tests

Numerous novel techniques for quick dengue
diagnosis are presently being developed. These
include isothermal PCR, electrochemical and
piezoelectric detection, micro/paper fluidics, and in
vivo micropatches. These technologies are all still in
their infancy and will need to be further developed
before they can be used as workable solutions in
actual environments. We believe that a test that uses
guantitative serotype-specific NS1 detection with IgM
and IgG capture to distinguish between primary and
secondary dengue infection would be the best
approach for diagnosing dengue.

Conclusions and Recommendation

Due to the vague and inconsistent case definitions
employed, the majority of dengue cases are
diagnosed only based on signs and symptoms, which
leads to significant uncertainty. The accuracy of each
approach studied varies greatly, even when
diagnostic methods are applied, depending on the
methodology, kit, and epidemiological setting. This
has serious ramifications since the diagnostic
approach must be customized for local
circumstances. Significant advancements in dengue
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diagnosis have been made possible by IgM capture
ELISA, viral isolation in mosquito cell lines and live
mosquitoes, dengue-specific monoclonal antibodies,
and PCR. Nonetheless, some issues still need for the
prompt creation of fresh solutions: Isolating viruses
takes a lot of time. Particular lab facilities and
equipment are needed for PCR, in addition to a
thorough analysis of the various methods in real-
world settings. The lengthy persistence of IgM
antibodies and false positive reactions complicate
IgM antibody detection, which calls for appropriate
timing. Commercial kits still need to be carefully
considered, and issues with their availability, cost,
and availability as well as additional reagents need to
be addressed. Effective patient care of DENV
infection depends on a timely and precise laboratory
diagnosis. Even while we currently possess the
instruments necessary to ascertain with certainty
whether a patient has a dengue infection, we are still
in need of reliable predictive biomarkers that indicate
the development of a severe case of the disease.
Other issues and requirements exist that are not
particularly connected to the advancement of
technology. For example, in many countries where
dengue is common, there are limitations to the
laboratory infrastructure, technical experience, and
research capacity. These elements hurt clinical case
management, dengue surveillance, and the creation
of novel dengue control strategies. It is well
acknowledged that funding for dengue field
operations and research is limited, notwithstanding
the lack of published estimates of this support. Money
needs to be raised to upgrade the infrastructure in
endemic nations and boost basic public health
capabilities. As a result, there may be a drop in
dengue morbidity and death as well as better disease
prevention, control, and awareness of DHF/DSS and
dengue. As a result, more research would be done on
etiology, vaccination development, and diagnosis.
Lastly, to save lives, we must urgently promote the
development of a suitable, quick, early, and
accessible dengue diagnostic technique.
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