Bangladesh J Microbiol, Volume 40, Number 1, June 2023, pp 41-49

BANGLADESH
0] 0

DOI: https://doi.org/10.3329/bjm.v40i1.71719

Molecular Detection and Genotyping of Dengue Viruses: Current Techniques
and Future Prospect

Min-Kuang Lee'* and Muhammad Morshed'*

!BCCDC Public Health Laboratory, Vancouver, British Columbia, Canada, > Department of Pathology and Laboratory Medicine, University of British
Columbia, Vancouver, British Columbia, Canada

The Dengue virus is a prevalent mosquito-borne disease, and its global incidence has been steadily increasing
due to the favorable environmental conditions that promote mosquito breeding, primarily influenced by
rising temperatures. Bangladesh has been particularly hard-hit by an intense and ongoing outbreak, resulting
in a surge of cases and fatalities. Effective management of this disease necessitates the implementation of
robust public health measures, including rigorous surveillance and early diagnosis. While serological tests
are commonly employed in clinical diagnosis, molecular methods hold a critical role in identifying the
specific Dengue virus strain, thereby contributing to a more comprehensive understanding of disease severity.
This article serves as an extensive review, delving into various molecular testing techniques employed for
both surveillance and clinical diagnosis. It offers valuable insights for research and clinical laboratories
engaged in the detection of Dengue virus RNA in mosquitoes, environmental samples, and clinical specimens.
The methods covered encompass a spectrum of approaches, including conventional PCR, isothermal
amplification, real-time RT-PCR, Sanger sequencing, and whole-genome sequencing, providing a holistic
overview of the available techniques. These methods play pivotal roles in clinical diagnosis, outbreak analysis,
vector surveillance, and vaccine development. Furthermore, the article underscores the importance of
integrating these techniques into existing healthcare systems, emphasizing their significance in ensuring
precise dengue diagnostics to enhance the efficiency of disease management. These molecular methods are
indispensable tools that contribute to accurate diagnosis, enable effective outbreak investigation, facilitate
vector surveillance, and support vaccine preparation, thereby enhancing the overall management and control
of dengue, ultimately working toward mitigating its impact on public health.
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Introduction

Dengue virus (DENV) belongs to the Flaviviridae family with
four major serotypes, DENV1 to DENV4 [1]. The virus is
transmitted by mosquitoes and the primary vectors are Aedes
aegypti and Aedes albopictus. In the last few decades, the endemic
area, also known as “dengue zone”, has rapidly expanded across
tropical regions worldwide. It affects more than 3.5 billion people
and causes approximately 400 million infections and over 20,000
deaths annually 2. Experts predict that ongoing climate change
and urbanization will further extend its geographical range’.
Furthermore, in endemic areas, the situation is aggravated by
insufficient community participation in prevention measures and
the excessive use of non-biodegradable products.

Around 70% of the most affected countries are Asian, and many
infections are still being recorded in countries like Bangladesh,
Malaysia, Vietnam, and the Philippines #. Being an endemic
country, Bangladesh experienced the largest dengue epidemic in
2019 since its first report in 2000. Among all prevalent serotypes
of dengue, DENV3 was identified as the predominant serotype >.
During the epidemic, this outbreak also expanded to a non-
endemic zone in northern Bangladesh ©. In 2022, an unusual
amount of rainfall took place and caused the second-highest
annual number of dengue cases. The 2022 outbreak is unique in

its scale and seasonality compared to the 2019 outbreak 7. The
study also suggested the predominance of DENV3 infection with
occasional co-infection with other types 8.

The laboratory diagnosis process involves detecting various
components such as the virus, viral nucleic acid, antigens or
antibodies, or a combination of these methods. For the patients
in the acute phase, NS1 (non-structural protein 1) antigen
detection test and IgM - ELISA (enzyme-linked immunosorbent
assay) are more widely used. They are easy to perform and
relatively inexpensive, and the specimens required are stable at
room temperature. However, there are some limitations to these
tests. For NS1, its sensitivity varied by DENV stereotype, and it
is not able to differentiate between serotypes °. For [gM — ELISA,
it is known for its cross-reactivity among several other members
of the Flaviviridae family. The recent emergence of the Zika
virus has added another layer of complexity to dengue serological
diagnosis . In contrast, well-designed nucleic acid tests (NATs)
will have added and provide a better diagnosis for acutely ill
patients.

This article provides a brief review of molecular tools in dengue
detection and typing. Integration and analysis of these results
could also pave the road for better surveillance, clinical diagnosis
and outbreak investigation.
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Fig. 1. Overview of Methods and Applications for Dengue Virus Detection and Typing

Methodologies
Pre-analytical phase

Sample collection

The success of molecular detection, such as reserve transcription
polymerase chain reaction (RT-PCR), for dengue virus depends
on several factors, including proper sample collection, timely
sampling, proper preservation during transportation and storage,
and effective sample preparation. High-quality and sufficient viral
RNA extraction directly affects test sensitivity. Accurate and
reproducible RT-PCR results also require proper storage of
samples for downstream analysis.

Clinical samples

The best time to sample for dengue virus is when it is present in
the bloodstream. However, the viremic length can vary from
person to person and it can differ between primary and secondary
infections '!. In general, the suggested collection time is within
the first 7 days of illness. It is also important to ensure they are
stored and transported correctly to ensure the sample quality.

Serum or plasma is the most commonly used sample type for
nucleic acid tests. Other sample types, such as whole blood,
cerebrospinal fluid, saliva, or urine, have been used in some cases.
However, their reliability for detecting dengue virus may vary
depending on the stage of the infection and the viral load in the
sample.

Mosquito samples

During mosquito season, Pools of up to 50 individuals of same
species of mosquitoes from the same collection sites could be
homogenized in 1.5 ml of BA-1 tissue culture medium and then
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centrifuged at 10,000 x g for 2 min at 4° C. A total of 140 il of the
resulting supernatant was removed, and RNA was purified from
the aliquot by using the QiaAMP viral RNA extraction kit (QIAGEN,
Valencia, CA) and RNA was detected using primers recommended
by the Centers for Disease Control and Prevention !2.

RNA extraction from clinical samples

Efficient procedures of extraction and purification of viral RNA
from the specimen can directly impact the sensitivity and reliability
of dengue virus detection. The most commonly used methods
include the column-based method '* and the Magnetic bead-
based method !4 due to their quick and cost-effective
characteristics.

Both methods are based on silica-based extraction. After the
sample is lysed, viral RNA is exposed to silica in a solution with
high ionic strength. This allows viral RNA to bind silica (which is
fixed on filter membrane or magnetics beads) so it can then be
washed with high salt and ethanol and then ultimately eluted
with low salt 1>,

If silica-based extraction is not possible, Trizol extraction and
phenol-chloroform extraction are excellent alternatives. The
principle of Trizol extraction is based on the use of a reagent to
denature and solubilize cells and proteins, allowing for the
selective extraction of RNA !°. Phenol-chloroform extraction, on
the other hand, extracts DNA and RNA using a combination of
phenol and chloroform via phase separation and solvent-based
denaturation 7. Both have been used in numerous studies.

An alternative, low-cost RNA extraction method has been
developed for resource-constrained settings. The method
involves storing the lysed sample on an RNA-binding membrane
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for over a week, eliminating the need for specialized equipment,
expensive materials, and cold chain preservation [18]. This makes
it easier to perform dengue testing in resource-limited areas, which
is critical for early detection and effective disease management.

Analytical phase

Conventional PCR

Conventional RT-PCR based on the amplification of specific
regions of the dengue virus genome using specific primers has
been widely used for the detection of the dengue virus. A single-
step, pan-dengue RT-PCR can detect all four DENV serotypes
and only requires basic PCR and electrophoresis equipment 1. It
is a cost-effective and efficient alternative to the NSI test for
detecting dengue virus in acute-phase patients. In some studies,
the PCR amplicon can also be disgusted and analyzed using
restriction fragment length polymorphism (PCR-RFLP), which
allows for future differentiation between the two groups of DENV
(DENV1-2 and DENV3-4) 20,

A well-designed conventional RT-PCR test can detect and
distinguish all four Dengue virus serotypes in a single reaction,
which is more efficient than methods that require separate
reactions for each serotype. To improve sensitivity and accuracy,
the test employs a single 52 primer set that targets a conserved
region of the capsid gene. The amplicon size for each serotype
from RT-PCR is different, 482 bp (DENV1), 119 bp (DENV2), 290
bp (DENV3), and 389 bp (DENV4). It is easy to type them from a
gel image [21]. This method has been improved by other group
for better detection, especially for Dengue-2 and Dengue-4

viruses, as well as the Chikungunya virus 2.

There is some approach to using traditional RT-PCR for Pan
Flavivirus detection. Primers were designed to target non-
structural coding gene 5 (NS5), which is highly conserved among
the Flavivirus. So this single tube RT-PCR assay allows to
detection of many mosquito-borne Flaviviruses including
representative strains of dengue viruses 1, 2, 3, and 4, the yellow
fever virus vaccine strain, West Nile virus, Kunjin virus and St.
Louis encephalitis virus 2.

The further study added one RFLP component on top of this
one-step RT-PCR protocol. It can not only be used to serotype
DENV 1-4 but also can distinguish among St. Louis encephalitis,
West Nile, and Yellow Fever 24.

Isothermal amplification

PCR needs a thermocycler and strict reaction conditions, which
raises the costs and complexity of device integration, operation,
and maintenance. A low-cost alternatives like isothermal
amplification can be a feasible solution. It operates at one
temperature setup and does not require sophisticated equipment.
This cheaper setup allows moving the molecular diagnosis from
centralized labs to the front line, which can dramatically improve
point-of-care diagnosis and enhance healthcare and surveillance
25 The two most common isothermal amplification methods used
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are reverse transcriptase loop-mediated isothermal application
(RT-LAMP) and reverse transcription recombinase polymerase
amplification (RT-RPA).

Several RT-LAMP assays have been created for detecting DENV
and targeting different genes, such as the C-prM gene 26, 32
UTR 27, or the non-structural protein-1 28, More recent designs
aim to target multiple regions, such as NS2A for DENV1, NS4B
for DENV2,NS4A for DENV3,and 32 UTR for DENV4, to improve
specificity 2°. These RT-LAMP assays are cost-effective and
reliable alternatives for clinical diagnosis and even for monitoring
vector populations 3% 31, Different methods are used to detect
signals from isothermal amplification, depending on the
application. Some use agarose gel electrophoresis followed by
staining with ethidium bromide 32, and tube scanner 3. Some,
particularly for point-of-care setups, have moved from costly
readers to direct visual reading using CYBR-Green 3* or lateral
flow strips .

Real-time RT- PCR - Singleplex

In comparison to conventional gel-based PCR, RT-PCR has
become a popular way to detect viruses in the past two decades
because of its superior sensitivity and specificity. Its standard
format, reproducibility, and ease of integration with fully
automated systems have made it the gold standard in many

laboratories 3°.

Singleplex real-time RT-PCR does not need advanced thermal
cyclers to manage multiple fluorophores, making it simple and
more affordable to implement in laboratories. With proper primer
and probe design, it can still detect all DENV serotypes. For
instance, a protocol has been developed to target the 32 NC
region, conserved in all DENV serotypes, in a pan-dengue
singleplex RT-PCR 37-38,

A pan-flavivirus RT-PCR assay has been developed using
degenerate primers and probes to target the NS5 gene. This assay
can detect 30 different Flaviviruses, including pathogenic agents
like yellow fever virus (YFV), West Nile virus (WNV), Japanese
encephalitis virus (JEV), tick-borne encephalitis virus (TBEV)
and dengue virus (DENV 1-4) due to the use of multiple possible
bases in some positions of the primers and probes 3°. Even
though this test cannot differentiate between different viruses, it
offers wide coverage and is an effective tool for screening
purposes.

Real-time RT-PCR — Multiplex

Multiplex real-time RT-PCR has the advantage of detecting and
typing DENV in a single reaction. The CDC DENV1-4 RT-PCR
Assay is a commonly used test in the US, being one of the few
approved by the FDA for this purpose 4°. This assay consists of
four reactions targeting different locations (DENV1/NS5, DENV2/
E, DENV3/preM, DENV4/preM) 4! and allows for serotyping of
dengue spontaneity. It can provide several benefits in
understanding and managing dengue outbreaks.
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Multiplex real-time RT-PCR is useful in detecting and
differentiating Zika, dengue, and chikungunya viruses. These
viruses are all transmitted by Aedes mosquitoes and can co-
circulate and cause co-infections in the same arecas. The
symptoms of these diseases can be similar, making it difficult to
differentiate between them in serology tests. A ZDC triplex real-
time RT-PCR can detect and differentiate these three pathogens
in one sample 4>. Multiplex real-time RT-PCR was developed in
China to detect Zika, dengue, chikungunya, and yellow fever
viruses while Zika, dengue, chikungunya, and West Nile viruses
detection were included for North American use 43.

On top of pathogen detection and typing, many assays utilize
the extra detection channel and incorporate quality assurance
elements to ensure accurate results. For instance, the use of an
RNase P detection channel serves as an internal control to monitor
sample quantity, quality, and the presence of PCR inhibitors 44,
Another way of ensuring accuracy is by including a passive
internal reference in the reaction to standardize fluorescence
fluctuations that are not related to the PCR, such as pipetting

errors and sample evaporation 43,

Sanger sequencing

The global expansion of dengue viruses has contributed to the
divergence, transmission, and establishment of genetic lincages
of epidemiological concerns. The dengue virus is classified into
four distinct serotypes, DENV 1-4, which share approximately 65%
amino acid sequence similarity. Each DENV serotype includes
several genotypes. Genotype is defined as a group of DENV
isolates that have no more than 6% nucleotide sequence
divergence. According to this definition, DENV1, DENV2,
DENV3, and DENV4 can be classified into five (I, I, IIL, IV, and V),
six (Asian [, Asian II, Cosmopolitan, American, American/Asian,
and Sylvatic), four (I, I, I1I, and V), and four (1, II, 111, and Sylvatic)
genotypes, respectively 4. Due to the diversity among serotypes,
dengue virus sequencing analyses usually perform on intra-
serotype antigenic variation. This is partially true for local or
state-wise molecular epidemiology works.

The DENV genome, approximately 10-11 kbp in length, includes
three structural genes and seven non-structural coding genes,
all translated into a single polypeptide with two untranslated
regions (UTRs) at both ends. Different regions of the viral genome
have been chosen as study targets. The commonly used genes
for dengue virus sequencing and epidemiology studies are the
envelope (E) and non-structural protein 5 (NSS5) genes. The E
gene is conserved and large, making it useful for detecting
variations among different strains 7. On the other hand, the
NS5 gene has a high mutation rate, which allows researchers to
trace the evolution of the virus. These features make both E and
NS5 genes valuable targets for dengue virus research and
surveillance.

In recent years, the E protein coding sequence has become more
popular as it offers a convenient target given the large number of
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E sequences available in GenBank. Furthermore, its use for
genotyping has been validated in several reports, and the
fragment has enough phylogenetic information to distinguish
DENV from other Flaviviruses and differentiates between
serotypes, genotypes, and individual strains [48]. Additionally,
the phylogenetic trees for DENV reconstructed from the E coding
sequence yield similar results to those constructed from full
genome sequences, making genotyping more cost-effective and
efficient .

However, despite all decades of research and modern advances
in genomics, many public health laboratories in dengue-endemic
regions still lack access to dengue molecular epidemiology
capacity. So the CDC has created the CDC DENV E gene
sequencing assay to improve surveillance and laboratory research
capabilities and enhance genomic surveillance of DENV. This
assay is a standard, serotype-specific method that uses Sanger
sequencing and genotyping analysis of the envelope glycoprotein
coding sequence (E) from clinical serum samples. This method
can be utilized by surveillance and research labs to gather dengue
genomic data, which will enhance the comprehension of DENV
genotypes, diversity, and transmission patterns and aid in

improving disease prevention measures 0,

Whole Genome Sequencing

In recent years, more high-throughput next-generation
sequencing (NGS) has been used increasingly in infectious
disease surveillance °!. Two main strategies for using NGS in
studying infectious diseases are metagenomic sequencing and
targeted amplicon sequencing. These approaches to whole-
genome sequencing have been developed and used in
sequencing-based surveillance of both endemic and emerging
diseases. A few next-generation sequencing methods for emerging
vector-borne diseases have been developed and tested in studies
of ZIKA *2, chikungunya 33, and dengue 4. They can even be
performed directly from clinical specimens with some
modifications.

The two most common platforms of NGS are Illumina (reversible
dye terminator sequencing) and MinION (nanopore sequencing).
Both of them have been used for dengue NGS . Targeted-
amplicon sequencing can enhance the signals from substantial
host or background genome noises °. The relatively small size
of the DENV genome has the advantage, as we do not need that
many primer sets to cover the whole genome. For previously
confirmed cases, It is recommended to use this approach for
both Illumina and MinlON platforms.

In general, viral RNA is extracted from confirmed dengue
specimens, converted to cDNA through reversed transcription,
and enriched by multiple PCRs. The purified amplicons are
sequenced to generate viral consensus sequences for
downstream assembling. The amplification efficiency varied
across amplicons, and different DENV serotypes/genotypes. In
general, varied template concentrations might lead to different
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coverage depths of the mapping result. However, it is less
significant with the target enrichment [57].

While the precise details of whole genome sequencing are beyond
the scope of this paper, it is crucial to obtain a clear and high-
quality representation of the genome data from the wet lab to
conduct an effective analysis of the entire genome sequence.
This entails several processes such as DNA extraction,
sequencing, assembly, annotation, and detection of genetic
variations. The resulting data can then be applied to various
fields including the discovery of new genes, functional analysis,
and evolutionary studies [58].

Post-analytical phase

Traditional epidemiology employs observational or descriptive
methods to uncover patterns and risk factors for diseases in
populations. This includes gathering information on
demographics, symptoms, location, time, and exposure to dengue
vectors, as well as utilizing serology tests to minimize
misdiagnosis or overdiagnosis [59]. However, there are still lots
of limitations. PCR testing has improved the accuracy of data by
eliminating cross-reaction issues from serology and
distinguishing between current and past infections, leading to a
more precise analysis of classical epidemiology [60].

Sequencing analysis of the dengue virus may require lots of
computational resources and expertise in bioinformatics.
However, the in-depth data obtained from sequencing provides
a better understanding of viral strains. The results can reveal the
relationships between the outbreak sample and samples from
other locations. It enables us to identify the particular strain of
the virus and track its origin and spread ®'. It also allows us to
monitor any changes in dengue genotypes and lineages in
specific geographic regions. This information is crucial for
preventing severe outbreaks, especially in populations with no
prior immunity, as seen in cases of serological naivety 2. The
analysis of the geographical origins of the outbreak highlights
the importance of early detection of suspected cases, prompt
implementation of control policies by local public health
authorities, and reinforcing vector surveillance strategies in
preventing dengue epidemics [63].

Sequence analysis can also provide information on genetic
variation where a single nucleotide in the sequence differs
between individuals or populations. The identification of single
nucleotide polymorphisms (SNPs) allows us to identify mutations
in the antigenic site and further evaluate their antigenic
characteristics. This approach has been used to study the
differences in antigenic evolution, especially between genotypes
or during major genotype replacement events %4,

Discussion

Vector surveillance

One of the benefits of molecular tests is their ability to be
conducted on mosquitoes. The arbovirus panel test has the
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capability to distinguish between various vector-borne viruses.
Sequencing information can enhance the identification of dengue
viruses that are concurrently present in both mosquitoes and
humans . Identifying the dengue virus temporally and spatially
related to cases and vectors through molecular testing constitutes
a reliable strategy for monitoring and assessing the endemic
nature of the disease and facilitates the integration of surveillance
data by public health officials .

Clinical Diagnosis

Dengue is commonly diagnosed based on clinical symptoms or
serological tests. However, this can lead to a high degree of
uncertainty in diagnosis. So it is crucial to improve the diagnostic
infrastructure to reduce the risk of severe complications and
deaths associated with this disease. RT-PCR and other molecular
test methods offer high sensitivity and specificity results and are
capable of confirming the specific virus and subtype. As these
tests only cover the acute phase, if needed, we also need to
include serology tests to assess the stage of the disease.
Constant monitoring of the mutants in currently circulating strains
in the primer/probe area is extremely important. Additionally,
following any recent advancements in technology is important.
By enhancing the accuracy of early dengue case detection using
improved diagnostic infrastructure, the public health system can
reduce the incidence of severe complications and fatalities related
to dengue [67].

Outbreak Investigation

Managing dengue in our population has posed many challenges
to us due to the highly adaptable nature of the virus [68].
Molecular tests offer several advantages in this field and are
instrumental in outbreak investigation and control. By using RT-
PCR, we can identify and differentiate dengue in its early stages.
Additionally, the typing capacity of this test allows us to further
characterize the sample by serotype, providing us with more
information to easily spot patterns easier. Sequencing is the
downstream test for RT-PCR, improving laboratory sample referral
mechanisms for confirmation and subtyping can greatly enhance
the public health system’s ability to respond to dengue outbreaks
[69].

Vaccine Preparation

The most effective approach to preventing and reducing vector-
borne diseases is by using vaccines. Dengvaxia, a tetravalent
dengue vaccine, offers protection against the dengue virus.
However, it is not accessible in Bangladesh yet 70, Nevertheless,
introducing molecular diagnostic capabilities for dengue in
Bangladesh can build the necessary infrastructure for the
successful administration of Dengvaxia. It is important to note
that this vaccine has been linked to potential side effects,
especially for people who have never been exposed to the dengue
virus before. Future exposure to the virus may increase the risk
of severe dengue. Hence, this vaccine is only recommended for
individuals who have confirmed dengue diagnosis. By
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implementing molecular diagnostic tests for accurate confirmation
of dengue infections, false positive results can be reduced, and
only those with prior exposure to the virus will receive the vaccine.

This will help minimize the risk of severe dengue outcomes ’!.

Resources

The COVID-19 pandemic has resulted in the establishment of
detection and surveillance infrastructure 7 that can potentially
be leveraged for dengue virus detection and monitoring, given
the availability of appropriate tests and the capability of these
systems to meet the demands of dengue surveillance. A
widespread testing and reporting approach, similar to that
employed for COVID-19, can be adopted for dengue. Additionally,
this infrastructure can also be used for influenza detection. In
Bangladesh, where influenza and dengue seasons 7> are distinct,
the same molecular detection and typing system can be employed
for both viruses, as the tests and their interpretation are similar.
By utilizing the same laboratory equipment and personnel, it
becomes feasible to detect both influenza and dengue throughout
the year.

Conclusion

This article presents an overview of the common techniques
used for testing and typing the Dengue virus. These techniques
are used in both well-equipped reference laboratories and
resource-limited settings, and the choice of method is based on
various factors such as the purpose of the test, available
laboratory facilities, technical expertise, cost, time of sample
collection, and transportation. The article provides a brief
summary of molecular detection and typing methods, with a
particular focus on their application in diagnosing acute patients
and tracking the disease’s spread.

To properly diagnose dengue fever, it is important to implement
reliable methods that can detect the virus in patients. Among the
molecular detection methods, conventional RT-PCR, isothermal
amplification, and real-time RT-PCR have proven to be effective
in identifying the dengue virus in patients during the acute phase
of infection. These methods are more reliable than NS1 or IgM
serology methods. Additionally, these molecular tests can also
detect other Flaviviruses in the same reaction, making the
diagnostic process more efficient and improving the accuracy of
results for patients with similar symptoms. Some of these tests
can also distinguish between all four dengue virus serotypes,
providing more detailed information for accurate outbreak
investigation and epidemiological analysis.

Our understanding of the transmission and evolution of infectious
diseases has been significantly enhanced by genomic
sequencing. The ability to track outbreaks, pinpoint the source
of infections, and track the evolution of the pathogen is made
possible by this technique’s insightful insights into the genetic
diversity and structure of the pathogenic agent. Public health
officials can use the extensive data generated by Sanger
sequencing to analyze outbreaks, make well-informed decisions,

46

and put in place efficient control measures to stop the disease’s
spread. In order to provide a large volume of data quickly, whole
genome sequencing, a more sophisticated and effective method,
adds a new dimension to molecular epidemiology. The SARS-
CoV-2 pandemic served as a test case for this method’s maturity.

In conclusion, the testing and typing of the dengue virus are
crucial for accurate patient diagnosis and effective disease
monitoring. The advancement of molecular diagnostic methods
and whole genome sequencing holds promise for the future,
offering improved accuracy and the ability to respond to outbreaks
effectively.
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