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ABSTRACT

Background: Dengue is a global threat expanding its geographic reach and spreading to a growing world population. Up to
3 billion people are at risk. Dengue virus infection can be asymptomatic or sparse, but can also cause dengue hemorrhagic
fever and dengue shock syndrome.

Aim: The purpose of this article is to highlight the challenges of effective treatment, multi-pronged prevention and safe
immunoprophylaxis of dengue virus.

Methods: A review of scientific articles published on PubMed and Google Scholar from 2020 to 2025.

Results: Due to the number and complexity of dengue serotypes, as well as the antibody-dependent amplification mechanism
characteristic of this virus, creating a universal, effective and safe vaccine is a difficult task. It is all the more important
because of the lack of specific treatment, which is so necessary in the case of a severe course of the disease in the form of
hemorrhagic fever or shock syndrome. It is also necessary to control vectors through chemical, biological and environmental
methods.

Conclusion: Dengue is now a serious global public health threat that requires urgent action. Key areas for further research
and development include a better understanding of pathogenesis, especially in the context of symptomatic DENV infections,
and increased work on a variety of treatment and control options, as well as the development of a universal, safe and effective
vaccine. The ultimate goal is to reduce the threat of the disease worldwide.
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Dengue, Dengue Virus, Dengue Fever, Dengue Vaccines, Tropical Disease
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Introduction

Dengue is an infectious tropical disease caused by the dengue virus (DENV). It is a member of the
Flaviviridae family, along with yellow fever virus (YFV), Zika virus (ZIKV) and Japanese encephalitis virus
(JEV), among others.[1][2] Four antigenically distinct serotypes of dengue virus have been identified, and
within each serotype, different genotypes can be distinguished. Each serotype may elicit a different immune
response due to its effect on different target cells, and thus may result in a different course and severity of the
disease.[3] Furthermore, reinfection with a different dengue virus serotype may elicit a more rapid immune
response than the original infection due to immunoglobulin-dependent amplification.[4] Infection may be
asymptomatic or symptomatic. We can divide the course of the disease, based on the severity of symptoms,
into three categories: dengue fever (DF), dengue hemorrhagic fever (DHF) and dengue shock syndrome
(DSS).[1] There are nearly 400 million infections each year, including more than 100 million symptomatic
infections, but approx. 90% of these are characterized by a mild, self-limiting course, and severe cases of
hemorrhage and shock are fortunately relatively rare.[5] The vector of infection is mainly mosquitoes of the
Aedes aegypti species and, less frequently, Aedes albopictus, while their spread to previously unoccupied areas
of the world is a consequence of, among other things.global warming, among other factors.[3][5] It is a disease
that occurs mainly in tropical and subtropical areas with a predominance of infections in Latin America,
especially in Brazil and Mexico, and in Southeast Asia, especially in Thailand and Indonesia, but also in
Central Africa and Australia.[6] There are two vaccines on the world pharmaceutical market used as dengue
immunoprophylaxis - Qdenga and Dengvaxia, which will be discussed in more detail later in this article.[5]
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Aim

The purpose of this article is to present the current state of knowledge about dengue virus infection -
epidemiology, symptoms, methods of diagnosis, treatment and prevention, and challenges associated with the
disease, as well as to systematize knowledge about immunization and its effectiveness against dengue fever.

Methodology

Review of scientific articles, guidelines from scientific societies and epidemiological reports published
between 2020 and 2025. Searches were conducted in PubMed and Google Scholar, using the search terms:
"dengue", "dengue virus", "dengue fever", "dengue hemorrhagic fever", "dengue shock syndrome", "dengue
vaccines", "Qdenga", "Dengvaxia". Meta-analyses and case reports were preferred.

Results

Dengue virus and its vectors

Dengue virus belongs to the Flaviviridae family, along with yellow fever virus (YFV), Zika virus (ZIKV)
and Japanese encephalitis virus (JEV), among others.[1][2] It has a single-stranded RNA genome of 11 kb in
length. At the early stage of the virus' replication, its particles attach to mammalian cell receptors (including
C-SIGN/L-SIGN, heparan sulfate, dopamine receptor, mannose receptor) and then enter their interior by
protein-clathrin-dependent endocytosis. Once inside the cell, the dengue virus fuses with the endosomal
membrane and is then released into the cytoplasm. When the virus particle splits, its genome is released. After
replication, fully grown viruses escape from the cell and are free to infect subsequent cells.[7] Four
antigenically distinct serotypes of dengue virus have been identified, and within each serotype, different
genotypes can be distinguished. Based on antigenic differences, serotypes DENV1, DENV2, DENV3 and
DENV4 were found to have 65% genomic similarity, with the exception being serotype DENV-5, discovered
in Malaysia. It is noteworthy that this serotype, despite the case of its detection in humans (Malaysia, 2013),
is found almost exclusively in non-human primates because, unlike the first four serotypes, it is subject to the
forest transmission cycle.[1][3]

The vector of infection is mainly mosquitoes of the species Aedes aegypti (responsible for global
transmission of DENV) and, less frequently, Aedes albopictus, and their spread to previously unoccupied areas
of the world is a consequence of global warming, the expansion of trade or international travel.[1][8]

Aedes aegypti mosquitoes are native to Africa, but have been imported to other continents. They are
endophilic, meaning they prefer shaded, moist and warm habitats, such as buildings in urban areas in tropical
and subtropical zones. They breed in containers filled with water, such as car tires or rain barrels. Males feed
on fruit juices, while females feed on the blood of humans and monkeys. In addition to dengue, they also
transmit yellow fever.[9]

In contrast, mosquitoes of the species Aedes albopictus (tiger mosquitoes), originally from Southeast
Asia, are able to survive in lower temperatures and have even reached the southern reaches of Scandinavia.
Tiger mosquitoes are exophilic, their habitat is in open areas, and adults reproduce similarly to Egyptian
mosquitoes - in containers of water. Females feed on human blood, as well as animal blood - mammals, reptiles,
amphibians and birds. They feed in the early morning and late afternoon. In Europe, stable populations of them
have been identified in Albania, Italy, France, Greece or Spain, among others. Aedes albopictus mosquitoes
are vectors not only of dengue, but also of Japanese encephalitis, yellow fever, West Nile fever and
chikungunya. [9][10]

Epidemiology

Dengue was first reported several hundred years ago. According to World Health Organization estimates,
there are nearly 400 million infections each year, including about 100 million symptomatic infections, but
about 90% of these are characterized by a mild, self-limiting course, while cases of dengue hemorrhagic fever
and shock syndrome affect approx. 500,000 people, causing more than 35,000 deaths per year.[3][5] This most
common arboviral disease in the world occurs mainly in tropical and subtropical areas with a predominance
of infections in Latin America, especially Brazil and Mexico, and in Southeast Asia, especially Thailand and
Indonesia, but also in Central Africa and Australia.[11]

The area of exposure is much larger, covering more than 100 countries and two-fifths of the world's
population - about 2.5-3 billion people. Due to the increasing prevalence of international travel and global
trade, as well as the increasing population in areas affected by the Egyptian and tiger mosquito (especially in
Africa, India and Southeast Asia), we can expect the exposed population to increase. Climate change is also
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not insignificant, resulting in an increase in average air temperature in countries far from the equator, which
in turn increases the geographic feeding area of Aedes species mosquitoes. This will result in an increase in
the population at risk of infection with dengue and other arboviral diseases.[12]

Course and clinical manifestations

Due to the presence of four serotypes of dengue virus and their effects on different target cells, we can
expect a varied immune response and thus a variable course, clinical manifestations and severity of the
disease.[3] Moreover, reinfection with a different dengue virus serotype can elicit a more rapid immune
response than the primary infection due to antibody-dependent amplification.[4] A fairly common observation,
especially in hyperendemic regions, is simultaneous infection with several dengue virus serotypes. This is
associated with the mosquito carrying more than one serotype or with multiple bites by mosquitoes infected
with different serotypes.[13]

Infection can be asymptomatic or symptomatic. We can divide the course of the disease, based on the
severity of symptoms, into three categories:

e dengue fever (DF),

e dengue hemorrhagic fever (DHF),

e dengue shock syndrome (DSS).[14]

Dengue fever (DF) usually lasts between 2 and 7 days, and its symptoms are:
fever
severe headache (often extra-orbital)
severe muscle and joint pain
nausea
rash/brooding
Dengue hemorrhagic fever (DHF) appears after 3-5 days of fever,and its symptoms are:
thrombocytopenia with a platelet count <100,000/ul
bleeding, pleural effusion
abdominal pain
vomiting
sudden drop in body temperature
Dengue shock syndrome (DSS), also after 3-5 days of fever. Symptoms are:
temperature up to 38 °C
hypotension
further drop in platelet count leading to plasma leakage and subsequent shock
critical bleeding
organ damage
cardiopulmonary failure[15][16]

Diabetes, hypertension, cardiovascular disease, and sickle cell anemia increase the risk of severe dengue.
Pregnant women with dengue are also at higher risk of complications.[15]

Studies indicate that in addition to systemic effects, dengue can also cause serious neurological
complications such as encephalopathy or encephalitis, as well as ophthalmic complications such as optic nerve
edema and inflammation, retinal hemorrhages and visual disturbances.[19]

Diagnostics

Because dengue virus infection has similar symptoms to other febrile diseases (including other
hemorrhagic fevers), the diagnosis must be further confirmed by laboratory tests. Typically, laboratory
diagnostics use tests aimed at detecting dengue, mainly RT-PCR.[15] RDT tests of dengue IgM and IgG
immunoglobulin and nonstructural protein 1 are widely used in the diagnosis of dengue virus in Asia.[17]
Using this combined method, false positives caused by other viruses in the Flaviviridae group can be almost
eliminated, and the sensitivity of dengue detection reaches nearly 100%. Even rapid cassette tests are used for
this.[15] Regarding the diagnosis of the different stages of the disease, it was found that elevated levels of C-
reactive protein, aspartate aminotransferase, interleukin-8, and hypoalbuminemia were clearly associated with
dengue hemorrhagic fever, while elevated levels of vascular cell adhesion protein 1, syndecan-1, aspartate
aminotransferase, and C-reactive protein were strongly associated with severe dengue.[18] In the past, when
dengue was suspected, the WHO recommended performing a tourniquet test - inflating a blood pressure cuff,
waiting 2 minutes, and then counting the number of petechiae in the ulnar fossa. When there are more than 10
per square inch (about 6.5 square centimeters), then we can suspect dengue.[11][20]
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Treatment

Currently, there is no approved antiviral drug to treat dengue. However, several potentially effective
drugs are currently being tested on humans and are in various phases of clinical trials. Interestingly, substances
of natural origin, e.g., flavonoids from plant sources (quercetin, rutin, oroxylin A), mangiferin or curcumin,
have been proven to have activity against the dengue virus.[21][22] In addition, some drugs approved for the
treatment of other diseases, such as chloroquine, prednisolone and ribavirin, are also being tested for potential
activity against the dengue virus, but studies to date have not shown sufficient efficacy.[23] Due to the lack of
an official drug against dengue, mainly symptomatic treatment - antipyretic, analgesic and intravenous fluid
therapy to maintain adequate intravascular volume - is used, and bed rest is recommended for the most common
- lightest forms.[15] The lack of specific and effective treatment prompts the use of prophylaxis to prevent the
disease, especially immunization.[24]

Prevention

The use of multi-pronged prevention appears to be the most effective method against many diseases,
including dengue. Preventive measures can be taken at the individual level - immunization - as well as at the
societal level - reducing the risk of bites through vector control. We can divide these controls into chemical,
biological and environmental.[25]

Chemical control involves the use of chemical solutions, usually in the form of sprays, to repel
(repellents) or kill mosquitoes and chemically destroy their breeding sites. Pyrethroids are used outdoors, while
insecticides are used indoors and outdoors for residual spraying.[26] In homes, insecticide-treated mosquito
nets and even whole house nets, also treated with mosquitocidal chemicals, can be used.[27][28]

Biological control involves introducing biological agents - fish, crustaceans and bacteria - into the
mosquito's living and reproductive environment. These agents include larval fish, cyclopod copepods and the
bacteria Bacillus thuringiensis israelensis. [25][29] Biological control methods may also include modifying
the genetic material of vectors, thus preventing them from transmitting dengue virus. Prominent among such
measures are the sterilization of insects, the use of genetically modified mosquitoes carrying a dominant lethal
gene, or the introduction of Wolbachia bacteria. [25][30]

Environmental control methods include reducing breeding sites by installing efficient water and sewage
systems, emptying or destroying containers/tubs/barrels that are incidental reservoirs of rainwater, and
appropriate waste management.[31][32]

Vaccine

The number and complexity of dengue virus serotypes (DENV1-4), as well as the role of antibody-
dependent amplification in severe dengue, pose difficulties in developing a universal, effective and safe dengue
vaccine.[33] The biggest challenge is the complex immune interactions between the four antigenically different
dengue virus serotypes [34][35]. These interactions lead to unbalanced vaccine performance, which can
increase the risk of antibody-dependent potentiation. There are currently two dengue vaccines on the
pharmaceutical market - TAK-003 (Qdenga) and the currently withdrawn CYD-TDV (Dengvaxia), but neither
has been widely deployed. Each is aimed at a slightly different target group due to the mechanism of action
and the specificity of the body's immune response to first and subsequent contact with different serotypes of
DENV.[36] Both vaccines are quadrivalent, live and attenuated, but differ in the backbone of the genome.
There are studies of a third vaccine, also quadrivalent, live and attenuated, TV003/005, which has undergone
phase III clinical trials in Brazil, but the results have not yet been published.[35]

Dengvaxia (CYD-TDV), developed by Sanofi Pasteur, was the first licensed dengue vaccine. This
quadrivalent, live attenuated vaccine contains the 17D yellow fever core. Phase I1I studies showed that the
efficacy of Dengvaxia varied by age, serostatus of the vaccinated person and serotype of the virus. At the
population level, the vaccine had clear overall benefits, but in seronegative individuals, it increased the risk of
severe dengue at the time of exposure. As a result, the WHO recommended screening before vaccination. This
was to result in the vaccination of only those seropositive for dengue virus. For commercial reasons, the
company decided to stop further production of this vaccine and withdraw it from the market.[37]

Qdenga (TAK-003), developed by Takeda, is based on a weakened backbone of the DENV?2 virus.[38]
Proteins from the DENV1, DENV3 and DENV4 serotypes were inserted into the backbone. As a result,
compared to the Dengvaxia vaccine, Qdenga contains more non-structural proteins, which is an advantage.
Qdenga effectively stimulates the production of neutralizing antibodies against DENV2, and to a lesser extent
also acts on DENV1, DENV3 and DENV4.[39] Numerous studies have been conducted on Qdenga and no
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serious safety risks have been identified. TAK-003 was well tolerated by people between the ages of 4 and 60,
regardless of their age, gender or previous exposure to DENV. In pivotal studies conducted in countries where
dengue is endemic, the vaccine's efficacy over 5 years against laboratory-confirmed dengue was 61%, and its
effectiveness in preventing dengue-related hospitalizations was as high as 84%.[40] Significantly, Qdenga
showed efficacy against all four serotypes in people who had previous contact with the virus (seropositive),
while in people who had no previous contact with the virus (seronegative), efficacy was observed only for
serotypes DENV1 and DENV2. In seronegative subjects, no efficacy was observed against DENV3 and
DENV4. Modeling suggests that the Qdenga vaccine could provide significant benefits at the population level.
Its beneficial public health impact will be greatest in regions where a high percentage of the population is
already seropositive and where DENV?2 serotype is predominantly circulating.[41]

Available data from clinical trials indicate that the benefits of this vaccine far outweigh the potential
risks. However, it is important to keep in mind that, as with many other vaccines, it provides only partial
protection. This means that vaccinated individuals - both seropositive and seronegative - can still contract the
disease. Such "breakthrough" infections can range from mild to severe. In regions where dengue is spreading
at a low to moderate rate, the World Health Organization does not recommend introducing the TAK-003
vaccine into universal vaccination programs. This recommendation is based on the need for even more data on
its efficacy and safety profile in people who have never been infected with dengue virus before, especially in
the context of protection against DENV3 and DENV4 serotypes.[36]

As for travelers, they are an important link in the global spread of dengue virus while exposing
themselves to infection. However, the World Health Organization's efforts and recommendations for the
Qdenga vaccine focus primarily on its use in populations living in endemic areas, rather than among
travelers.[42] Currently, there is no comprehensive evaluation of the benefit/risk ratio for administering dengue
vaccines to travelers. The WHO does, however, recognize the benefits of vaccinating seropositive travelers
going to areas of high disease endemicity. However, for seronegative travelers, the benefits are noticeably
less.[36] Given that a large proportion of travelers are seronegative, the overall efficacy of the Qdenga vaccine
in this group is noticeably lower compared to endemic populations with high seropositivity rates. This means
that the vaccination strategy for travelers requires further research and analysis.[43][44]

Discussion

Dengue is a huge challenge for communities around the world. Due to expanding international travel,
global trade and global warming, regions not previously affected should stop thinking that the problem does
not affect them, as they are likely to face new health challenges over the next decade. Due to dengue's
expanding geographic range and consequently expanding population area, governments and organizations
should spare no effort or money for research on the virus, disease forms, drugs, vaccines and vector control.

The main goal should be to develop an effective quadrivalent vaccine that is safe regardless of the
serological status of the vaccinated. This would reduce severe and symptomatic cases of the disease.

In addition, research should continue on an effective drug to combat dengue virus infection and reduce
the severe course of the disease and its unpredictable complications. Given the proven efficacy of some
substances, it is worth focusing efforts on further research.

Moreover, the spread of vectors i.e. Egyptian and tiger mosquitoes should be controlled through
chemical, biological and environmental methods. Governments and local governments in endemic countries
can play a major role here, through the development of efficient water and sewage networks and proper waste
management.

Conclusions

This article presents an up-to-date review of data on dengue virus infection, including: characteristics
of the virus, epidemiology of clinical manifestations, current treatment methods, ways to prevent dengue, and
a review of available vaccines. It stresses that it is essential to better understand the pathogenesis of DENV
infections, explore a variety of treatment and control strategies, and make efforts to develop a universal,
effective and safe vaccine. Today, dengue is already a global public health threat that requires safe vaccines,
improved vector control methods and effective drugs to reduce the threat of the disease.
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