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Dengue Fever
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Dengue fever is an arboviral disease caused by dengue virus (DENV).
DENV belongs to the family Flaviviridae, genus Flavivirus. It is a mosquito-borne pathogen that is traditionally

transmitted by Aedes aegypti mosquito and to a lesser extent, Aedes albopictus.

In terms of disease burden and risk potential, DENV is one of the most important arboviral pathogens. One-
third of the world’s population (~2.5 billion people) is at risk of infection with DENV and it is estimated that

approximately 390 million infections occur yearly in the tropical and subtropical regions.



Dengue Classification

Viral genome
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* Realm:

* Kingdom:
* Phylum:
* Class:

* Order:

* Family:

* Genus:

* Species:
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Riboviria
Orthornavirae
Kitrinoviricota
Flasuviricetes
Amarillovirales
Flaviviridae
Flavivirus
Dengue virus



Flaviviridae Phylogeni
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FLAVIVIRUSES Background and Classification
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The Flavivirus genus currently includes >90 virus species, many of which are
arthropod-borne human pathogens.

Flaviviruses cause a variety of human and animal diseases, including fever,
encephalitis, and hemorrhagic fevers.

Entities of major global concern include dengue virus (DENV)—with its
associated dengue hemorrhagic fever (DHF) and dengue shock syndrome
(DSS)—

In 1943, Ren Kimura and Susumu Hotta first isolated the dengue virus. These

two scientists were studying blood samples of patients taken during the 1943
dengue epidemic in Nagasaki, Japan.



‘Dengue Virus EE

DENV has a single-stranded, positive sense nonsegmented RNA genome. Like many other RNA
viruses, DENV is fast evolving due to the error-prone RNA-dependent RNA polymerase, leading

to the formation of several genotypes within each DENV serotype over the years.
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-Structural organization of Dengue virus genome: The viral genome consists of 5'UTR, an ORF, and 3’'UTR. The
ORF encoding polyprotein serves as a template for the translation of 3 structural proteins (C (Capsid), PrM

(Pre-Membrane), and E (Envelope)) and 7 Non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5).



Capsid protein C
Envelope protein E

Small envelope protein M
Mon-structural protein 1
Mon-structural protein 2A

Serine protease subunit
MNS52B

Serine protease NS3

MNon-structural protein 4A

MNon-structural protein 4B

RMNA-directed RNA
polymerase NS5

Description

Plays a role in virus budding by binding to the cell membrane and gathering the
viral RNA into a nucleocapsid that forms the core of a mature virus particle.

232 e NS
D18 Ple s g Sless

Binds to host cell surface receptor and mediates fusion between viral and cellular Gl ouSiils
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membranes.

Play a role in virus budding. Exerts cytotoxic effects by activating a mitochondrial
apoptotic pathway through M ectodomain.

Involved in immune evasion, pathogenesis and viral replication.

Component of the viral RNA replication complex that functions in virion assembly
and antagonizes the host immune response.

Required cofactor for the serine protease function of NS3.

Displays three enzymatic activities: serine protease, NTPase and RNA helicase.
MS3 serine protease, in association with NS2B, performs its autocleavage and

cleaves the polyprotein at dibasic sites in the cytoplasm: C-priM, NS2A-NS2B,

MNSZ2B-MNS3, NS3-NS4A, NS4A-2K and NS4B-MNS5.

Regulates the ATPase activity of the NS3 helicase activity. NS4A allows NS3
helicase to conserve energy during unwinding. Plays a role in the inhibition of the
host innate immune response.

Induces the formation of ER-derived membrane vesicles where the viral
replication takes place.

Replicates the viral (+) and {-) RNA genome, and performs the capping of
genomes in the cytoplasm. Inhibits host TYK2 and STAT2 phosphorylation,
thereby preventing activation of JAK-STAT signaling pathway.



Dengue Virus classification =

 DENV comprises four distinct serotypes, DENV 1-4. Infection with either of the
DENV serotypes generally causes dengue fever (DF), a self-limiting febrile iliness
that often lasts between 2 and 10 days.

* Globally, there is significant diversity among DENV strains, including four
serotypes (DENV-1, DENV-2,DENV-3, and DENV-4) that differ at the amino acid
level in the viral envelope proteins by 25% to 40%.

e Subsequent sequencing analysis revealed that individual serotypes of DENV can
differ from one another at the amino acid level significantly with 30% to 40%
variation in the viral envelope proteins.



DENV Diversity (genotyping) e

* Genetic variation of DENV, however, is not limited to serotype.

* Subsequently, nucleic acid sequencing confirmed differences within
each serotype, allowing for classification of genotypes that vary
further by up to approximately 6% and 3% at the nucleotide and
amino acid levels, respectively.

 DENV genotype classification originally was defined by sequence
variation within a given genomic region (e.g., E and NS1 sequences).



DENV Diversity (Genotypes)

* More recent analysis has used full-genome sequencing to assign a
phylogenetic classification.

* Although there remains some dissonance among investigators
because of a lack of defined, formal definitions, most classification
schemes include:

* Five DENV-1 genotypes,

* Four or five DENV-2 genotypes,
* Four DENV-3 genotypes,

* two or three DENV-4 genotypes



DENV Diversity (Strain variation) b=

Strain variation refers to the limited amino acid change that occurs
among isolates of a given genotype.

Strain variation may be functionally important as it can affect antibody
neutralization, presumably due to changes at key sites within or that
affect the display of antigenic epitopes.



Quasispecies -
Quasispecies is composed of a cloud of variants that are linked by a spectrum

of mutations.

It is observed during infection by many RNA viruses (e.g., HCV, HIV, and
influenza) and creates the diversity that allows a viral population to adapt

rapidly to dynamic environments and evolve resistance to immune
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DENV Diversity (quasispecies) e

 DENV exist as a collection of highly similar variants forming a quasispecies
by virtue of its error-prone NS5 polymerase, which has an estimated
mutation rate of 103 to 10 >substitutions per nucleotide copied per round

of replication.

* DENV intrahost diversity in humans appears to be driven by immune
pressures as well as replicative success in cells. Hot spots for intrahost
variation were identified in the viral E and prM/M proteins and appeared
to be immune escape variants.

* The study of genetic and intrahost diversity for DENV is still in its relative
infancy, and thus more analysis is warranted to define how mutation and
variation impact fitness, tropism, and drug or immune system resistance.
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* Recent analysis suggests that some DENV strains have greater
antigenic resemblance to viruses of a different serotype than to some
viruses of the same serotype, which has implications for clinical
disease and DENV evolution.

* Differences in severity associated with individual serotypes or
particular sequences of serotypes in sequential infection have been
observed, and it still is unclear whether some serotypes are
inherently more pathogenic than others.

* DENV-2 viruses are most commonly associated with DHF/DSS, as are
DENV-1 and DENV-3. In comparison, DENV-4 appears more
commonly to be clinically mild, although it can cause severe disease.



Clinical Features Dengue Fever



Mechanisms of Infection

* The skin is the likely initial infection site after vector inoculation, with
resident dendritic cells or epidermal keratinocytes believed to be the
primary target cells. Subsequently, recruitment of monocytes and
monocyte-derived dendritic cells to the underlying dermis may
provide additional targets for infection.

* The dose of virus inoculated by mosquitoes under conditions of

natural infection is not known precisely, but likely ranges from 10 3to
10 °plaque-forming units (PFU), depending on the flavivirus and
vector species.



Clinical Features of Acute Dengue Fever BB]
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* DF also may present in a less classical form as an undifferentiated febrile
illness with rash along with mild upper respiratory symptoms (cough,
pharyngitis, rhinitis), particularly in children.

* DF is usually self-limited, lasting 1 to 2 weeks, although some (up to 25% of
hospitalized patients) experience a prolonged postinfectious fatigue and
depression syndrome that can persist for weeks, akin to that seen after
Epstein-Barr virus infection and mononucleosis.

* Because of the debilitating fever and musculoskeletal symptoms, the
morbidity toll is high in clinically apparent DF, although the mortality rate is
exceedingly low.



Clinical Features of Acute Dengue Fever &3]
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* A classical presentation of DF is an abrupt onset of a debilitating
febrile illness characterized by headache, retro-orbital pain, myalgias,

arthralgias, and a maculopapular rash that occurs 2 to 7 days after
mosquito inoculation.

* Some individuals experience severe bone and joint pain (“breakbone

fever”) and develop petechial hemorrhages that are associated with
mild to severe thrombocytopenia.



Clinical Features of Severe Dengue: Secondary and Eﬂ
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Infant DENV Infection(1) e

* A secondary DENV infection results when a person previously infected
with one serotype is exposed to a different serotype.

* It should be pointed out that even during secondary infection, severe
dengue is quite rare, with only 0.5% of secondary infections
progressing to this disease.

e Severe dengue is characterized by rapid onset of capillary leakage
accompanied by thrombocytopenia and mild to moderate liver
damage reflected by increases in serum levels of hepatic enzyme
(e.g., aspartate aminotransferase and alanine aminotransferase).



Clinical Features of Severe Dengue: Secondary and Eﬂ
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Infant DENV Infection(2) e

Whereas severe dengue occurs Iargelﬁafter secondary infection by a different DENV serotype
in children and adults, in infants less than age 1 born to dengue-immune mothers, a primary
infection can cause significant morbidity and mortality.

In clinical studies, maternal anti—dengue neutralization antibody titers and age of the infant
correlated with disease. The actual age at which severe dengue occurs in infants (peak at 7
months) corresponds to the age at which serum antibodies most efficiently enhance the
infection of primary monocytes observed in vitro via a mechanism called antibody-dependent
enhancement (ADE) of infection.

Manifestations of severe dengue are more prevalent in infants, and there is an approximately
fourfold higher mortality rate compared to other age groups

The more prevalent or severe clinical manifestations associated with infant dengue include
seizures, hepatic dysfunction, thrombocytopenia, high-grade fever, diffuse rash, peripheral
edema, ascites, and frank shock.



o3 pale olLlito

Other manifestation of Clinical Dengue Fever ==

e 35

* More recent clinical studies have suggested that severe DENV
infection also can have neurological manifestations including
transverse myelitis, Guillain-Barré syndrome (GBS), encephalitis, and
encephalopathy, occurring in as many as 1% to 6% of severe dengue
cases.

* However, the discovery of DENV and anti-dengue IgM in the
cerebrospinal fluid of patients with encephalopathy suggests that it
may be capable of causing central nervous system infection as part of
a severe syndrome, at least in a subset of individuals.



Dengue Virus Laboratory Diagnosis



LABORATORY DIAGNOSIS WL

Biomarkers that have been targeted for diagnosis include:

»\Virus isolation in cell culture (Vero, and BHK-21 cells, ...... )

» Detection of viral genomic RNA (RT-PCR and real-time RT-PCR)

» Detection of the secreted NS1 protein( ELISA,..)
»Virus-specificimmunoglobulin M [IgM] and immunoglobulin G [IgG])

Detection of DENV infection by serology is complicated because of shared cross-reactive epitopes
on the flavivirus E Protein with other Viruses( Zika, JE, YF,....... )



Primary Infection
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Timeline of dengue biomarker appearance in patients experiencing primary and secondary infection. In primary infection both
nonstructural protein 1 (NS1) and virus can be detected from the onset of disease, with immunoglobulin M (IgM) appearing around
day 3 of iliness and immunoglobulin G (IgG) appearing toward the end of the acute period.

Virus Diagnostics ¢ JID 2017:215 (Suppl 2)



Secondary Infection
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Secondry infectionare characterized by the presence of IgG early in the acute phase of disease and a shorter duration
of NS1 and virus detection. Note onset of severe dengue (dengue hemorrhagic fever [DHF]/dengue shock syndrome
[DSS]), primarily in secondary infections and at a time when virus and NS1 levels are falling. The Journal of Infectious
DiseasesDengue

Virus Diagnostics @ JID 2017:215 (Suppl 2)



Dengue Vaccine
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Dengue vaccine EE

e Live attenuated tetravalent DENV vaccines have been evaluated in advanced
clinical trials.

 Two methods of attenuation were employed to create the four replicating viruses
used in combination with each vaccine candidate. The 3’ UTR of flaviviruses folds
into RNA structures that regulate genomic RNA replication, translation, and
cytopathic properties.

* The introduction of a 30-nucleotide deletion into the 3" UTR yielded a markedly
attenuated virus in vivo, which still elicited a robust humoral response in monkeys

and human.




Dengue vaccine e

e Vaccination of humans with a DENV-4A30 virus resulted in low-level

viremia in 70% of recipients, which is not sufficient for blood meal
transmission of the vaccine to mosquito vectors.

e Similar results have been reported with a DENV-1A30 virus
constructed from the Western Pacific 1974 strain. While introduction
of this deletion was not sufficient for attenuating all DENV strains,

further iterations of this concept, including additional deleted
regions, were successful.



) pale o8I

Dengue Live Chimeric vaccine WS
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* The creation of chimeric flaviviruses encoding the structural genes of
heterologous viruses is a second attenuation approach that has yielded promising
vaccine candidates.

* The first chimeric viruses were constructed by introducing the C, prM, and E
genes of DENV-1 or DENV-2 into the genetic background of DENV-4.

* These viruses were immunogenic and attenuated as immunization of monkeys
elicited neutralizing antibodies and reduced viremia following challenge with a
homologous wild-type strain.

* In Y+ the first vaccine ( Dengavaccine) approved By USA for the prevention of dengue disease caused by
all dengue virus serotypes in people ages 9 through 16 who have laboratory-confirmed previous dengue

infection and who live in endemic areas was.



Dengue Fever Treatment

* There are no approved direct antiviral treatments for Dengue fever.
Most antiviral drug research for Dengue infections has focused on
inhibition of the NS2B/NS3 protease or NS5 proteins.

Reported protease inhibitor approaches have focused mainly
on targeted covalent inhibitors.

* One drug, Balapiravir, a repurposed hepatitis C NS5 polymerase
inhibitor progressed to a Phase Il clinical trial before being stopped
due to lack of efficacy.



https://en.wikipedia.org/wiki/Protease_inhibitor_(pharmacology)
https://en.wikipedia.org/wiki/Targeted_covalent_inhibitors
https://en.wikipedia.org/wiki/Balapiravir
https://en.wikipedia.org/wiki/Hepatitis_C

Thank you for your attention




