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ABSTRACT
Dengue virus (DENV) is the fastest re-emerging arbovirus existing in the tropical and subtropical regions today. It has become a worldwide major
public health problem, especially affecting South-East Asian populations. Dengue is spread by Aedes mosquito bite. It has three phases based on
severity termed as febrile, critical and recovery phases. As per the national survey data, the prevalence of dengue has been still rising consistently, and
the burden of the disease is predominantly affecting the adults with progression towards the Dengue fever (DF), Dengue hemorrhagic fever (DHF)
and Dengue shock syndrome (DSS). The key elements needed to achieve the dengue public health targets identified by the World health organization
(WHO) global strategy are the diagnosis, care management, outbreak preparedness and integrated surveillance, sustainable vector control, future
vaccine implementation. This review mainly describes the dengue treatment challenges, in addition to a brief discussion of dengue vaccine challenges
and future outlook on dengue itself.
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INTRODUCTION
Dengue is caused by dengue virus (DENV), a mosquito-borne Flavivirus [1].
Dengue ribonucleic acid (RNA) virus can be classified into five serotypes
DENV-1, DENV-2, DENV-3, and DENV-4 and DENV-5 belonging to
Flaviviridae family. DENV causes a wide range of diseases in humans, from
a self-limited dengue fever (DF) to a life-threatening syndrome called
dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS) [2].
The genome is transcribed as a single open reading frame encoding with
three structural (C, PrM, and E) and seven non-structural (NS1, NS2A, NS3,
NS4A, NS4B, and NS5) proteins [3]. Each DENV serotype is phylogenetically
distinct, suggesting that each stereotype could be considered a different
virus [4]. The transmission cycle is “man-mosquito-man” [5,6]. The
symptoms of dengue include a high fever with chills, rashes, and severe
headaches. The two hallmarks of DHF are leakage of plasma and that can
be led to hypovolemic shock and abnormal hemostasis [7,8].
DENGUE TREATMENT CHALLENGE

DF management is supportive and symptomatic [9-11]. During the
acute febrile phase of the illness, antipyretics and bed rest are sufficient.
In DHF, aspirin should be avoided, as it is known to trigger hemorrhagic
manifestations [12]. For patients with vomiting and diarrhea, excessive
sweating, oral fluids, and electrolyte therapy are recommended [13,14].
The management of DHF during the febrile phase is similar to that of
DF [15]. Usually, significant plasma loss is seen in dengue patients, it
leads to a rise in hematocrit value, to overcome this, parenteral fluid
therapy is recommended [16,17]. Hospitalization is recommended in
patients with any signs of bleeding and persistent high hematocrit.
The colloidal (dextran 40 and plasma) and crystalloid (5% dextrose
in lactated Ringer’s solution) are types of fluids used for volume
replacement [18,19]. The volume of a fluid replacement should be
titrated according to vital signs and should be kept to a minimum, but
sufficient to maintain effective circulation [20].
For rapid volume replacement, initially crystalloid fluid is used; however,
colloidal fluid is indicated in the case of massive leakage and to whom

a large volume of crystalloid fluid has been given. Blood transfusion is
indicated in certain cases, with profound or persistent shock despite
falling hematocrit values after initial fluid replacement. For severe
thrombocytopenia and hemodynamically stable patient’s prophylactic
platelet transfusions are indicated [21,22]. Platelet transfusions have
not been shown effective and hence are not required [23]. There are
no antiviral agents for the treatment of dengue infection in the present
situation. Intravenous rehydration is the therapy of choice. The dynamic
nature of dengue demands close monitoring and repeated clinical and
laboratory evaluations. The best result is obtained from fresh frozen
plasma and cryoprecipitate transfusions to the platelets.

The febrile phase is symptomatic in the management of DF. Therapy for
a fever is managed with paracetamol [24,25]. Salicylates and other nonsteroidal anti-inflammatory drugs should be avoided as they may cause
mucosal bleeding in patients [26]. The patient should be hospitalized
who develop cold extremities, restlessness, acute abdominal pain,
decreased urine output, bleeding, and hemoconcentration. Children
with rising hematocrit levels and thrombocytopenia without clinical
symptoms require hospitalization. Early detection of these conditions
is important for the reduction of case fatality rates (CDRs) [27]. The
most important element of treatment in a patient with DSS is providing
intense care with close urinary output, hemorrhagic manifestations,
and level of consciousness with adequate and appropriate fluid
replacement [28,29].
DENGUE VACCINE

The first dengue vaccine was discovered in 1929 with mixed results.
A lot of challenges are involved in developing effective and safe dengue
vaccine [30]. An ideal vaccine for dengue should provide a lifelong
protective immune response that neutralizes antibodies that are almost
replicating all the four serotypes of (DENV-1–4) [31].
(a) Live attenuated dengue vaccine
These vaccines have the strength to stimulate robust immune responses
and immune memory very similar to that induced during natural
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infection by wild type viruses. These vaccines should be tetravalent
formulations that produce a balanced neutralizing immune response
that protects against all four serotypes. Live attenuated vaccines
for dengue using mutagenesis have developed in the United States,
the National Institute of Health in collaboration with Johns Hopkins
University [32]. These vaccines are created besides by attenuating
mutations into the genomes of each virus in the 31 untranslated regions.
Another live-attenuated dengue vaccine that has entered the clinic was
developed by the Walter Reed Army Institute of Research (WRAIR)
in partnership with Glaxo Smith – Kline (GSK) [33]. To discover a live
DENV vaccine, it must be guided with some principles like vaccine
should be non-reactogenic and safe, the vaccine strains need to show
limited replication in humans to preclude the development of clinically
symptomatic dengue infection in vaccinated individuals [34]. Dengue
serotype 1, 2, and 4 viruses were developed initially in dog kidney cells,
whereas dengue serotype 3 was serially passaged in primary African
green monkey kidney cells [35].
(b) Purified inactivated dengue vaccine
A tetravalent vaccine using purified inactivated versions of the virus
is pursued by WRAIR/GSK partnership [36]. By growing the virus in
a VERO cell line, these viruses are (epithelial cells of African Green
Monkey) followed by formalin with Alum or a proprietary GSK
adjustment [37,38]. This vaccine was shown to be immunogenic and
protective in mice and rhesus macaques [39-43]. The protection of the
animals against the challenge with a homologous wild DENV is done
by three doses of inactivated vaccine. An inactivated dengue vaccine
has been tested as the priming vaccine in a prime-boost immunization
strategy, with a live attenuated vaccine as a booster, leading to complete
protection in macaques.
(c) Recombinant protein dengue vaccine [37]
By Merck and co, the recombinant dengue vaccine to DENV-1 is
discovered. In various expression systems like Escherichia coli, viral
vectors like baculovirus in insect cells, drosophila, and vaccinia virus
in yeast cells, recombinant E protein has been produced. The protein
antigen in this vaccine, HBV-001 D1, is a recombinant truncated form
of the E protein of the virus and is expressed using a Drosophila system.

(d) Dengue deoxyribose nucleic acid (DNA) vaccine
By using the virus’s PrM and E proteins as the primary targets on a
DNA platform, the vaccine is pursued by the U.S Naval medical research
center [37,44]. By cloning PrM and E of each serotype into plasmid
vectors naval medical research center, WRAIR, Maryland, USA has
discovered a candidate dengue DNA vaccine. This vaccine was having the
capacity to mount neutralizing antibody response and partial protection
against different DENV serotypes in mice and Rhesus macaques [45-47].

(e) Chimeric live-attenuated dengue vaccine
In the initiative of developing a DENV vaccine, Sanofi Pasteur is the
furthest one currently [48-55]. The centers for prevention and disease
control in the United States have also developed a chimeric dengue
vaccine, DENV-axe, which has been licensed to Inviragen, Inc. This
particular vaccine uses attenuated DENV-2 backbone E genes replaced
with those of the other serotypes of dengue. In May 2019, Dengavaxia
was approved by the U.S and Food and Drug Administration in the United
States for use in children 9–16-year-old living in the U.S territories of
Puerto, American Samoa, the U.S Virgin Islands, and Rico. Different
strategies in dengue vaccine development were discussed in Fig. 1.
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this makes the potential risk of precipitating serious manifestations
such as DHF or DSS during secondary infection by a different serotype.
Primary infection with one serotype of the virus provides maximum
protective immunity to that homologous serotype. This is mediated by
serotype-specific neutralizing antibodies that block viral attachment,
prevent fusion of the virus membrane with endocytic vacuole
membrane, and inhibit the release of viral RNA into the cytoplasm and
promote complement-mediated lysis of antibody-coated virus. Preexisting non-neutralizing heterotypic antibodies from a previous DENV
infection allows the virus during a subsequent heterotypic infection,
to bind to surface-expressed Fc gamma receptors on monocytes and
macrophages.

During the brief period of viremia post-immunization, the live
attenuated dengue vaccine is linked with a hypothetical risk of ADE. Due
to increased levels of multiplication, due to the attenuated phenotype of
the vaccine strains, the risk of vaccine virus causing severe disease. The
lack of an appropriate animal model that elucidates the pathogenesis,
immune response, and clinical course of dengue infections in humans
one of the major difficulties is associated with the development of a
safe and effective dengue vaccine. Dengue vaccines have also been
challenged by critical issues such as the absence of suitable markers of
protective immunity and lack animal models for the disease [59].

According to the directorate of national vector-borne disease control
program, India has shown an increasing trend in the number of reported
dengue cases, which are almost increased from 5534 in 2007 to 75,454
in 2013 in the past decade, the CFR has decreased from 3.3% in 1996
to 0.4% in 2010 with improvement in the surveillance system and
effective management. Due to repeated dengue outbreaks, a financial
burden to the health care system is increasing rapidly. This gives a clear
structure to the need for a cost-effective dengue vaccine as a preventive
strategy along with vector control [37].
The capable of monitoring the circulating DENV serotypes in different
regions is by the best community based, laboratory-based, and hospitalbased surveillance system and is difficult for vaccine efficacy in the
trial. The capacity to detect all febrile illnesses due to dengue in the
community is by an active surveillance system, both mild and severe, is
also necessary for addition to vaccine efficacy. This leads to becoming
a challenge, especially in resource-limited suburban and rural areas.
To address the issue of cost-effective implementation, an economic
analysis of any possible dengue vaccination strategy is required to
be carried out in India for the acceptable cost of a new vaccine for
usage in the public sector that may vary from one country to another.
A multiple-dose regime, required for balanced immune response in
dengue vaccination, can be difficult to implement in India, because of
the significant drop-out rates [37].
DENGUE PROSPECTS [60]

Due to geographical expansion and incidence of dengue, cases will
increase in upcoming days and this is according to many experts of
the World Health Organization (WHO) [61]. It is therefore required to
elaborate on some of the potential factors that drive dengue activity, as
well as the global strategic direction to address.

DENGUE VACCINE CHALLENGES

A safe and effective dengue vaccine should have the capacity to provide
a life-long protective immune response in the form of neutralizing
antibodies that should be equally against all types of serotypes [56].
The dengue vaccine field is robust with numerous candidates in
preclinical and clinical development [57]. Dengue vaccine remains
a precious strategy in the transmission of DENV [58]. Antibodydependent enhancement (ADE) or immune enhancement is observed
in DENV infection due to heterologous non-neutralizing antibodies and

Fig. 1: Chart showing the strategies associated with dengue
vaccine development
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POTENTIAL FACTORS THAT DRIVE DENGUE ACTIVITY
Climate change factors
The temperature has a prominent role in viral replication, adult
vector survival, and infective periods [62,63]. Increased survival
and/or migration of vectors into previously non-endemic geographic
areas outside the tropics have resulted from increased temperature.
Weather variability may enhance environmental and climatic
conditions conducive to the proliferation of Aedes species in regions
that are currently non-endemic. Climate has both direct effects on
dengue incidence and indirect effects mediated by mosquito density,
as mosquitoes are the vectors of dengue [64]. Temperature, rainfall,
and relative humidity are thought of as important climatic factors
contributing toward the growth and dispersion of the mosquito
vector [65].

A possible increase in dengue transmission due to higher
temperatures, humidity, and precipitation is associated with changes
in climate and this is based on some studies of climate change and
dengue. This indicates the situation that observed climatic changes,
including increased humidity and increased intermediate global
temperature which theoretically may increase the epidemic potential
of dengue [66]. The individual role climate change plays in the past
decade’s resurgence of dengue stays uncertain and is a region of
current modeling research.
Globalization, travel, and trade factors
For the current and ongoing expansion of dengue, only climate change is
not sufficient. For the rapid expansion of the vector-borne communicable
disease, modern contributing factors include globalization factors such
as travel and trade associated with vector accommodating trends in
modern human settlement and suitable climate conditions [67,68]. To
describe the recent increase in dengue transmission and mobility, both
vector and human populations are the most important variables [69].
Human settlement factors and climate explains the risk of introduction
or reintroduction of dengue into non-endemic zones leading to endemic
transmission [70]. The main driver of global transmission and expansion
of the disease is thought of as an infected dengue person who will be
involved in traveling. Globalization factors, which are contributing to
the expansion of dengue transmission and the risk of importation of
dengue, include trade and travel. Dengue’s primary and secondary
vectors can also export and import by International transport of cargo
and goods, especially through commercial sea shipment. In conclusion,
the globalization of humans and mosquitoes is playing an important
role in the reemergence of dengue [71].

Settlement factors
Trends in current human settlement, together with rapidly expanded
urban areas, exploding population density and limited socioeconomic
resources, suggest that the human factors in addition to climate factors.
To suggest that human populations and their collective actions strongly
contributes to the transmission of dengue settlement and for this
human and socioeconomic factor combine with climate suitably and
globalized travel and trade.
Successive contributing factors to the increase of global dengue
transmission and geographic expansions are considered by rapid
urbanization and population growth [72-74]. The creation of urban
breeding sites for the most potent dengue vector Aedes aegypti is
done by rapid urbanization. The raised density of both mosquito and
human populations as part of urban population growth compounds this
effect in terms of both vector suitability and transmission of dengue.
Rapid urbanization has provided appropriate circumstances for vector
breeding and the high population density has also increased contact
frequency between humans and mosquito vectors [75].

Global strategic direction
It was essential to reflect on policy and strategic direction that attempts
to reduce the impact of this disease is by the presence of potential for
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ceaseless expansion of dengue globally. Based on the historical lack of
coordinated efforts, political will and research attention despite the
significant diseases, social and economic burden it places intentionally,
by this dengue, has been considered as a neglected tropical disease. To
decrease the burden of dengue is the overall aim of this multi-sectoral
strategy. In response to the sharp increase in the global burden caused
by DENV over the past few decades, the WHO has set out three specific
key objectives in its disease control strategy: (i) To estimate the true
burden of dengue by 2015; (ii) a reduction in dengue mortality by at
least 50% by 2020 (used as a baseline); and (iii) a reduction in dengue
morbidity by at least 25% by 2020 [76-78].

Integrated vector management (IVM) is a global strategic framework
first adopted in 2004 by the WHO for all vector-borne diseases [79].
IVM is the key measure for dengue control [80,81]. It is a strategy that
aims to achieve a maximum impact on vector-borne diseases [82].
Integrated Vector Management (IVM) is the strategic approach for
dengue control as promoted by WHO [80]. IVM helps in controlling
most of the mosquito vector-borne diseases [81]. This method
aims at improving efficacy, sustainability, and cost effectiveness of
vector control [82-89]. The reduction of dengue transmission and
the resulting disease burden can be done by utilizing an effective
integrated vector control strategy. An IVM approach requires
entomological knowledge, technical and infrastructure capacity, and
systems facilitating stakeholder collaboration [90]. New larval control
strategies for IVM of A. aegypti are in high demand, including the use
of biological control agents [91].
Role of natural agents in dengue vector control
Natural chemicals have considerable potential for vector management
because these chemicals are safer than conventional insecticides on
account of their rapid environmental biodegradation and low toxicity
to natural enemies, humans, and other mammals and they suffer less
from problems of registration difficulties [92]. IVM understands the
local ecosystem, conducts regular field observations and helps in
reduction of pests/vectors by implementing changes in ecological,
economic, biological and chemical methods that are used for controlling
vectors [93]. The species Piper nigrum, Piper aduncum, and Piper
longum, may be a feasible alternative source of larvicidal metabolites
to control dengue mosquitoes [94]. Lamiaceae and Zingiberaceae plant
extracts act as natural larvicidal agent [95].

The ethanolic extracts of seaweed of Dactyladenia dichotoma possess
active compounds for the development of larvicidal activity [96].
The methanol extract of Taiwanese seaweed Gracilaria firma is more
effective and is an ideal eco-friendly approach for the control larvae of
the dengue vector A. aegypti [97]. Spinosad is likely to be an effective
larvicide for the treatment of mosquito breeding sites [98]. Both the
leaf extract of Aloe vera and bio-control agent Bacillus sphaericus
could serve as potential larvicidal agents against the dengue vector
A. aegypti [99]. The combined effect of the mosquitocidal activity
of Solanum xanthocarpum fruit extract and copepods Mesocyclops
thermocyclopoides used against the dengue vector [100]. Copepods
are very useful in biological control of A. aegypti and Aedes albopictus
but also successful to manage the populations of Culex and
Anopheles [101]. Argemone mexicana acts as a larvicide against the
dengue vector [102]. Microbial pesticides obtained from actinomycetes,
Bacillus thuringiensis (Bt), and many other microorganisms are used as
eco-friendly alternatives for mosquito control [103].
DISCUSSION

Dengue is endemic throughout the tropical world. We discussed a
treatment strategy to treat dengue infection in various stages of DF. A lot
of challenges are faced by developers to discover a safe and effective
dengue vaccine. Globalization, trade, travel, and climate change are
some of the potential factors responsible for dengue activity. The role
of natural chemicals is also discussed which helps in reducing vector
control.
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CONCLUSION
Dengue is a global health problem in the world`s population which
causes severe illness and rarely leads to the life-threatening syndrome.
There is no specific treatment for dengue and the management is
only supportive. A safe and effective dengue vaccine gives a lifelong
protective immune response and it is equally against all serotypes of
dengue. The use of natural agents can prevent dengue vector control in
various stages of vector development.
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