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Opinion statement

Dengue fever is a viral disease with no curative treatment. However, symptomatic treat-
ment exists to alleviate the fever and provide analgesia to the multiple types of pain
mainly headache, arthralgia, myalgia, and retro-ocular pain. Antiviral drugs to interfere
with the process of viral replication are still under investigation. In the past, homeopathic
treatment has been tried as well, with no success. In the case of severe dengue,
hospitalization with strict monitoring of vital signs, parenteral liquids, and electrolytes
replacement and, if needed, blood transfusion, are the most adequate courses of man-
agement. Most of the scientific work on the topic is dedicated to the development of a
vaccine that may prevent the infection by any of the four serotypes of dengue, a
tetravalent vaccine. Different research groups are searching for vaccine candidates among
the different stages of viral development. One such group has completed a phase III trial
and their vaccine has been licensed in different countries. However, more work is required
to enhance this vaccine effectiveness beyond the current 60% protection. Moreover, new
vaccine candidates are needed to provide safe immunization against the four dengue
serotypes, whether preventing infection or reinfections.

Introduction

Dengue fever is the most important arthropod-borne viral
infection worldwide. Currently, three billion people live at
risk of infection, of which 390million contract it every year
[1]. This review provides a summary of dengue’s transmis-
sion cycle, the disease’s clinical significance, and treatment
as well as an update of the advances in the fight against the
infection, specifically vaccine development.

Biology and transmission
Dengue’s causal agent is a member of the Flaviviridae
family, dengue virus (DENV), which includes four sero-
types, DENV 1–4, and according to recent findings, a fifth
serotype as well which is under further research [2–4].
DENV shares characteristics with other Flavivirus such as
Yellow Fever and Zika virus. An important common
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feature is the transmission by mosquitoes of the genus
Aedes, primarily Ae aegypti with Ae. albopictus playing a role
in transmission to a lesser extent in some geographic areas.

Humans are the only natural host for DENV. In
them, the incubation period (called intrinsic incubation
period) varies from 3 to14 days; it entails [2, 3, 5] the
period from inoculation of the virus during the mosqui-
to bite to the beginning of clinical manifestations. In the
vector, the incubation period (also called extrinsic incu-
bation period) ranges from 8 to 12 days. This period
extends since the female mosquito takes a blood meal
containing the virus until the viral replication is com-
pleted, and the pathogen can be transmitted during
another blood meal from the vector to a susceptible
human host [2, 5, 6]. The vector is an urban insect with
a preference for human blood (anthropophilic). Its pre-
ferred habitat is in urban and per urban areas where it
may breed in and around human dwellings, taking ad-
vantage of anyman-made receptacle able to collect clean
water (especially discarded plastic bottles and similar
containers as well as discarded tires). In developing
countries located in tropical and subtropical regions,
water shortage is common. This forces the population
to store water in cement tanks, cisterns, drums, etc.),
which, if left without maintenance become ideal breed-
ing sites for the vector [7]. Chemical and biological
vector control methods with larvicide, ovicide, and
adulticide effects are available. [8–14].

Clinical presentation and treatment
Dengue has a broad range of clinical manifesta-
tions going from an asymptomatic infection in

around 85% of infected hosts and only 15% will
develop clinical symptoms. In 5% of dengue infec-
tions, there will be clinical symptomatology classi-
fied as severe [1, 2]. Asymptomatic carriers play a
role of monumental importance in the epidemiol-
ogy of dengue as they maintain the transmission
cycle infecting new mosquito cohorts who will
continue infecting new susceptible human hosts
[2].

Patients with clinical dengue are classified according
to the recent WHO classification in dengue without
warning signs, dengue with warning signs, and severe
dengue; it is particularly important to remark that warn-
ing signs such as abdominal pain, vomiting, clinical
fluid accumulation, mucosal bleed, lethargy, restless-
ness, liver enlargement 92 cm, and an increase in hemat-
ocrit concentration while there is a rapid decrease in the
platelet count are a guide to decide the hospitalization
of patients and moving from a symptomatic treatment
to amoremonitoredmanagementwhich includes fluids
replacement as a key component foreseeing the passage
of the clinical condition to a severe denguewhich will be
characterized by one or more of the following changes:
severe plasma leakage, severe hemorrhages, and severe
organ impairment (heart, liver, and central nervous sys-
tem) [1].

It is important tomention that genetic studies show a
differential risk for developing dengue’s clinical mani-
festations, in particular, for severe dengue fever. These
human genetic factors can be relevant in the develop-
ment of vaccines and in the selection of antiviral treat-
ments [15].

Current treatments
Symptomatic or palliative treatment

Dengue is a febrile illness without a curative treatment, but analgesics
and antipyretics have been used to alleviate symptoms (control fever
and pain relief, especially joint pain, myalgia, ocular pain, and
headache).

Currently acetaminophen (paracetamol) is the drug of choice to reduce
symptoms. It should be known that doses should not exceed 1 g per dose and
a maximum of 4 g per day. In adults, the administration route is oral (available
in tablets and suspensions). Patients with hepatic disease or with history of
chronic alcohol consumptions should be careful since acetaminophen can be
hepatotoxic [1].

Acetyl salicylic acid (Aspirin) is a drug with analgesic and antipyretic prop-
erties but is contraindicated for dengue because it can precipitate hemorrhagic
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manifestations and gastrointestinal bleeding due to its inhibition of platelets
adhesion [1, 16, 17].

Severe dengue cases with hemorrhagic and extravasation manifestations
need hospitalization with close monitoring of vital signs, liquids, and electro-
lytes input and outputs [18] [Administration of intravenous fluids to any
patient vomiting or with a high or rapidly rising hematocrit, in the case of
severe dengue, is recommended the use of isotonic intravenous fluids like 0.9
saline, or Ringer’s lactate [1]. Once the hemodynamic status is stable, fluid
therapy must be gradually reduced, replaced with oral liquids, and eventually
suspended.

The survival rate in the absence of hospitalization can vary from 20 to a high
of 50% according to different authors. With proper treatment, the mortality
reduces to less than 3%. [1, 19].

Antiviral treatment

Several studies have explored the possibility to use antiviral treatment to
interfere with the disease process caused by the dengue virus.

Two main treatment groups have been identified:
i. Direct acting antivirals with mechanism of action on the dengue virus itself,

ii. Host modulators whose mechanism of action are based on the fact that
DENV relies on several host factors for replications [20].
A third group of treatment includes natural products (e.g., medicinal plants)

that are used traditionally but require further studies to analyze their mecha-
nism of action [21••].

Most drug studies have been done in animal models, and few mole-
cules have been evaluated in dengue virus-infected patients: Some of the
most important are balapiravir (a direct acting antiviral) and some under
study such as Adefovir dipivoxil (direct acting antiviral) that are going
through in vitro tests but without a firm evidence of a therapeutic effect
on patients [22, 23]; some host modulators are chloroquine, lovastatin,
prednisolone, and celgosivir [22].

The similarity of dengue with Hepatititis C virus, another member of the
Flaviviridae family, makes very likely that antivirals in use in the latter specifi-
cally Celgosivir can have clinical effects on dengue disease. Clinical trials are
ongoing and no concluding results are available yet. [22].

Products of the statin group (lovastatin) are actually under study to
identify their role stabilizing the endothelial membrane where many of the
pathogenic changes occur in dengue, showing no therapeutic effects at the
used doses [24].

Natural products

Research teams have investigated the effects of different natural products
originated in different plant families that have been used by different
cultures using whole plants or part of them; most of these studies are in a
stage of in vitro observation using different extracts (aqueous, ethanol,
methanol flavonoid, polysaccharides, essential oils, and others); these trials
are still in process of providing conclusive evidence. [25•] Several groups
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are currently researching the effects of papaya (Carica papaya) leaves infu-
sions especially in the thrombocytopenia caused by the dengue infection as
well as the observed stabilizing effect on leucocytes but not concluding
results are available yet [26, 27•].
In recent years, homeopathic approaches have been tested through clinical
trials with no success in Central America in the management of febrile
symptoms and dengue disease duration; results were similar to the control
group [28, 29].

Vaccine development and current status

There has been is an intense effort to develop a dengue vaccine in the last
decades. The challenge has been to develop a tetravalent vaccine (preventive for
infections caused by any of the four dengue serotypes). The development of a
dengue vaccine had to follow any of the potential five types of vaccine design:
Live attenuated, chimeric live attenuated, inactivated vaccine, subunit vaccine,
or nucleic acid-based (see Table 1).

There are some vaccines already approved for public health trials but
still with sub-optimum results [32••] The current effort to develop

Table 1. Types of dengue vaccines currently in study and development

Type of vaccine Description Advantage Disadvantage
Live attenuated vaccine Weakened version of

the dengue virus
Robust immune response
(similar to natural infection)

generally inexpensive

Minimal symptoms of clinical
infection can be expected

Chimeric live attenuated
vaccine

Combined genes from
different sources

Similar to those in live
attenuated virus vaccines

Similar to the above

Inactivated vaccine Made of virus particles
that have been
destroyed

High level of safety because
there is not virus replication

It may require booster vaccination

Subunit vaccine Made of dengue
proteins

High level of safety No virus
replication

It may require booster
vaccinations
to reach long-term
immunity

Production is more expensive

Nucleic acid-based Designed by introducing
DNA copies of specific
dengue viral genes
into cells

Simple to produce Requires booster vaccination
to reach long-term
immunity

Production is more expensive
It may require multiple doses to
provide immunity

Sources: Whitehead SS, Blaney JE, Durbin AP, Murphy BR. Prospects for a dengue virus vaccine. Nature Reviews Microbiology. 2007
Jul 1;5(7):518–28 and Centers for Diseases Control and Prevention. Understanding how vaccines work. 2013 http://www.cdc.gov/
vaccinesFrom CDC [30, 31]
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vaccines is having the positive effect to increase the understanding of the
immune response and the role of CD4 cells in the process triggered by
different serotypes but to get improvement in the vaccine protection we
need to continue gathering a deeper understanding of this response [33].

A vaccine now licensed in several countries and developed by Sanofi
Pasteur (CYD-TDV, named Dengvaxia) was able to protect, in the first
25 months of the two Phase III trial, 66% of a subset of 9–16 year old
participants. However, a significantly lower efficacy (including negative
vaccine efficacy) was noted for children younger than 9 years of age.

This vaccine corresponds to the live attenuated vaccine type and has
been licensed in six countries being of more benefit to certain age groups
(usually children 99 years and adults) in areas with more intense trans-
mission and to individuals with previous infections. In areas with lower
transmission can constitute a risk to predispose to subsequent infections
and an increase in hospitalization of severe cases [34–36••, 37].

The development of the dengue vaccine has been accompanied bymodeling
of its impact in the population and its cost/effectiveness. In a recent study in the
Philippines, it was identified that vaccinating children older than 9 years at a
cost under $70 can still have a good impact in the protection in the population
and being cost effective; similar analysis have been done in Southeast Asia and
some South American countries [38–40, 41•].

Some other research teams are working in dengue vaccines which are
in earlier stages of testing, and their results will take several years to be
known; some of them are dengue vaccine candidates that contain trun-
cated, recombinant, dengue virus envelope protein from all four dengue
virus serotypes (DEN-80E) [42].

Different approaches are being used in some other vaccines, some are
live attenuated chimeric dengue vaccines (such as DENVax and LAV Delta
30), DEN protein subunit V180 (deni-80E), and also DEN DNA vaccines.
These vaccines are not yet in the Phase III stage and are pending to prove
their clinical efficacy for dengue in humans [43].

The expectation is that in a 5-year period or longer, there will be access
to different vaccine formulations. Even though new vaccines are planned
to be developed and improved, once implemented, we would see an
improvement in the control of dengue and a reduction in the number of
cases; to fulfill this goal, innovative ideas such as mosquito-based immu-
nization strategies should be considered reaching also a reduction in the
vectorial capacity to transmit the virus [44, 45].

On the other hand, the development and implementation of vaccines
should not be in exchange for the weakening of current programs and
prevention of vector borne control and other control efforts for mosquito-
borne control diseases like dengue. It is realistic to assume that dengue
prevention through vaccines will require to be reinforced by field opera-
tions to keep low densities of the vector [46, 47].

One of the issues to be addressed is the differential level of protec-
tion provided by the vaccine depending on the serotype and the need of
several years to get an increase in the protection of the general popula-
tion going from 24 to 54% [45].

Referring again to Dengvaxia, it has been considered to include three
doses, and it is use concomitantly (simultaneously) or sequentially after
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the license pentavalent vaccine booster, and recent studies with toddlers
in Mexico has shown no issues on safety or immune interference which
was a particular concern in the scheduling of the vaccine [48].

Reviews of the results of the studies of this licensed vaccine demon-
strated better immunogenicity for DENV4 and worse for DENV1. The
vaccine efficacy was studied in participants aged 2–16 years old with
DENV4 with the best result and DENV2 with the worst (The best and
worst immunogenicity results were for DENV4 and DENV1, respective-
ly). Vaccine efficacy of 60% was derived from studies with participants
aged 2–16 years old, with DENV4 and DENV2 presenting the best and
worst results [49, 50].

Dengvaxia was first registered in Mexico in December, 2015, and it
has a 0/6/12-month schedule in Phase III clinical studies. It has been
registered for use in individuals 9–45 years of age living in endemic
areas [49]. In other countries, the efficacy has been variable ranging
from 31.3% (95% CI 1.3–51.9%) in Mexico to 79.0% (95% CI 52.3–
91.5%) in Malaysia. This variability in efficacy likely reflects at least in
part the baseline seropositivity and circulating serotypes, both of which
affect the performance of the vaccine. [51••, 52].

During the following years, different research teams constituted by
health institutions and those of pharmaceutical companies will continue
updating their results in the clinical trials leading to the marketing of
successful new vaccines.

Summary and conclusions

Dengue is a disease that because of its vector-borne transmission re-
quires to be tackled initially through control of breeding sites containing
developmental stages of Aedes aegypti mosquito; thus breaking the chain
of transmission. Since continued transmission is favored by a lack of
control in the peridomestic surroundings, individuals, families, and
communities must work together to contain transmission.

Once the disease is manifested, it has to be treated symptomatically and
monitored closely.

Antiviral therapies are not available at this time. Natural medicine
has been utilized by populations without evidence, but there is increas-
ing interest to study some products with scientific rigor. The commercial
availability of a dengue vaccine is real. It is important to notice that the
most advanced dengue vaccine (Dengvaxia) is recommended by most
researchers for areas with hyper-endemicity and to reduce severe cases
and hospitalization, and the level of efficacy is still under 70% but as a
measure of public health, such vaccine can indeed reduce the burden of
disease. New developments are expected to improve the protection of
patients.

In a holistic perspective, we need to continue a triple approach to dengue:
prevention through mosquito breeding sites control, preparedness for cases of
severe dengue, and vaccine development; as it has been stressed by disease
modelers, the protection of the populations will be enhanced through the
combined approach to the epidemiological cycle.
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