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A B S T R A C T   

Zoonoses have rapidly spread globally, necessitating the implementation of vaccination strategies as a control 
measure. Emerging and re-emerging vector-borne diseases are among the major global public health concerns. 
Dengue, a zoonotic viral infection transmitted to humans by a vector, the Aedes mosquito, is a severe global 
health problem. Dengue is a serious tropical infectious disease, second only to malaria, causing around 25,000 
deaths each year. The resurgence of Dengue is mainly due to climate change, demographic transitions and 
evolving social dynamics. The development of an effective vaccine against Dengue has proven to be a complex 
undertaking due to four different viral serotypes with distinct antigenic profiles. This review highlights the ur-
gent need to address the dengue threat by exploring the application of biotechnological and -OMICS sciences.   

1. Introduction 

Dengue is one of the most widespread mosquito-borne re-emerging 
diseases in the world. Currently, Dengue is endemic in 128 countries. In 
2022, 2,809,818 cases of dengue fever were reported (including 1290 
deaths) [1]. Between 1 January 2023 and 4 March 2023, a total of 
342,243 cases of Dengue were reported in the Region of the Americas, 
including 86 deaths [2]. Dengue is an emerging zoonotic disease caused 
by a virus of the family Flaviviridae. Dengue virus (DENV) has four main 
serotypes: DENV-1, DENV-2, DENV-3, and DENV-4 [3]. Flaviviruses are 
viruses with a positive single-stranded RNA genome [4,5]. “One Health” 
is a collaborative global approach to achieving optimal health for peo-
ple, animals, and the environment. It is essential to address emerging 
zoonotic infections and vector-borne diseases, such as Dengue, which 
are becoming major public health concerns [6]. Dengue fever, caused by 
DENV and transmitted mainly by Aedes mosquitoes, is increasing in 
incidence and geographical spread. Factors contributing to its emer-
gence include urbanization, climate change, globalization, inadequate 
vector control measures, lack of population immunity and the contin-
uous evolution of the virus. The “One Health” approach is valuable in 
the management of Dengue because it promotes system surveillance of 

human populations and mosquito vectors and the study of potential 
reservoirs in a collaborative framework of professionals and researchers 
from different disciplines [7,8]. The emergence of Dengue and its 
increasing geographical spread requires a multidisciplinary response 
involving public health, ecology, climatology, and other disciplines. In 
addition, effective vector control measures, preventive educational in-
terventions, targeted research on vaccination, and ongoing epidemio-
logical surveillance are essential to address this complex health 
challenge and reduce its health impact. This review aims to highlight 
how Dengue is an emerging global health problem and how the “One 
Health” approach, combined with biotechnology and omics sciences, 
offers a promising strategy to effectively address this disease before it 
potentially becomes a pandemic similar to the Coronavirus disease-19 
(COVID-19). 

2. Influence of climate change 

In the coming years, mosquito survival, reproduction rates, viral 
incubation rates, and distribution of DENV and its vectors increase [9]. 
These observations have been attributed in part to rising global tem-
peratures but also to globalization, air travel, urbanization and 
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inadequate vector control [10–12]. Today, Aedes aegypti, the main 
vector of Dengue, is showing a global expansion due to climate change, 
threatening almost half of the world's population [13,14]. Climate 
change can affect pathogens both directly and indirectly by affecting 
reproduction, survival, and habitat and by altering patterns of human- 
pathogen and human-vector contact [15–19]. In particular, the identi-
fication of the environmental factors essential for the evolution and 
dynamics of the virus, host and vector is a crucial element for the 
management of Dengue in the context of future climate change [20]. In 
this regard, it has been observed that the survival and development of 
the pathogen are strongly influenced by temperature [21]. Climate 
change, combined with human impact on nature, negatively affects 
biodiversity by acting indirectly as an adjuvant in the transmission of 
infectious diseases [22,23]. In addition, several non-climate factors have 
been implicated in the emergence of vector-borne diseases, including 
urbanization, trade, international travel, agricultural systems, the 
spread of water basis, and the use of antimicrobial drugs [24,25]. Rising 
temperatures could increase the risk of Dengue by increasing the rate of 
mosquito development and reducing the incubation period [26,27]. 
Extremely warm temperatures can also increase mosquito mortality 
rates and thus reduce the risk of Dengue [28]. In addition, heavy rainfall 
can act as a detergent by washing eggs, larvae and pupae out of con-
tainers, but at the same time, the residual water can provide the ideal 
breeding habitat [29,30]. Finally, a dry climate can affect normal human 
activities by causing people to store water in containers that could 
become breeding sites for vectors. [31]. 

3. Prediction of the geographic distribution of Aedes mosquitoes 
in Europe 

The rapid geographical spread of Dengue is a major global public 
health concern. The distribution of the vectors, Aedes aegypti and Aedes 
albopictus, is a crucial element in analyzing dengue expansion and is an 
essential tool for public health planning [32]. In a study by Oliveira 
et al., a prediction was made to identify the geographical areas in Europe 
where there will be a future expansion of vector distribution [33]. This 
analysis based on current and future climatic conditions was carried out 
for the entire European geographical area and in 65 large urban areas. In 
particular, the study showed that the north-west of the Iberian Penin-
sula, Italy, the southern areas of France and the Balkan and Greek coasts 
are currently suitable geographical areas for carrier development. 
Around 83% of urban areas are expected to become suitable in the 
future, compared to around 49% today. A recent editorial by Brem in 
2023 reported on the transmission of Dengue in European areas [34]. 
The authors confirmed observations reported by previous studies indi-
cating that territories within the European geographical area are 
becoming an ideal breeding ground for the spread of Aedes vectors. 
Moreover, they examined the situation of transmitted infections in 
Europe in the years 2022 and 2023. In particular, it highlighted how 
annual rainfall of over 500 mm, annual temperatures of over 11 ◦C, and 
temperatures in January of over 0 ◦C can create ideal conditions for the 
distribution of virus vectors. It was pointed out in detail that in Italy, the 
two cities most affected are Milan and Rome, which are characterized by 
a high tourist vocation. In contrast, in France and Spain, most cases were 
recorded along the coast, and outbreaks were also reported in cities such 
as Paris and Madrid. 

4. Use of pesticides 

Pesticides are an essential tool in agriculture to protect crops and 
seeds from insects, bacteria, fungi and rodents, but their use is associated 
with contamination of soil, water, flora and fauna and a reduction in 
biodiversity. In recent years, the total use of pesticides has increased by 
almost 50% since the 1990s. Over the past three decades, annual 
pesticide use has averaged 1.58 kg per hectare and 0.37 kg per person 
[35]. Pyrethroids are an important group of pesticides used in the 

management of Dengue. Resistance to the use of these insecticides by the 
Aedes mosquito has already been demonstrated. The increasing use of 
pyrethroids and pesticides coupled with the development of resistance 
phenomena in combination with expected climate change could 
contribute to the spread of the Aedes vector with the implementation of 
Dengue. This observation should be evaluated throughout Europe, 
particularly in regions with large water basins, which represent the ideal 
habitat for the potential proliferation of vector mosquitoes [36]. Food 
and Agriculture Organization corporate statistical database (FAOSTAT) 
constitutes a database containing information regarding pesticide trade 
internationally. Since 1990, FAOSTAT has been reporting information 
regarding the physical quantity of pesticide use. Fig. 1 shows the use of 
pesticides for agricultural use from 1990 to 2020. This image, created 
using data provided by FOASTAT, shows an exponential increase in the 
use of pesticides worldwide. (https://www.fao.org/faostat/en/#search 
/Insecticides%20%E2%80%93%20Pyrethroids). 

5. Pesticide resistance 

A further threat, and confirmation of the need for a “One Health” 
approach, is the development of pesticide resistance in the vector, which 
seriously threatens the effectiveness of current dengue control pro-
grammes. The use of chemical insecticides is currently the most widely 
used method of controlling Aedes aegypti. Pyrethroid insecticides are 
neurotoxins that alter the normal function of the insect's nervous system 
by disrupting the Vssc gene by depolarising neurons, paralyzing and 
eventually killing the insect [37]. The main pyrethroids include delta-
methrin, bifenthrin, cypermethrin, cyfluthrin, bifenthrin, and etofen-
prox [38]. Insecticide-based control plays an important role in dengue 
control, but as vector resistance to insecticides needs to be managed, it is 
necessary to clarify the underlying causes of resistance [39]. Detoxifi-
cation by metabolic enzymes and mutations in insecticide target re-
ceptors are the main routes of resistance to pesticide use [40,41]. 
Physiological resistance is the survival of mosquitoes after exposure to 
chemical insecticides that would normally kill them. Mechanisms 
conferring resistance to pyrethroid insecticides in Aedes aegypti include 
metabolic detoxification by oxidases (P450-mediated monooxygenases), 
esterases and glutathione S-transferase [42,43]. Cuticle resistance is also 
responsible for insecticide resistance in Aedes aegypti [44,45]. Thick-
ening of the cuticle reduces insecticide absorption. 

6. Vector 

DENV is transmitted to humans by the female mosquito of the Aedes 
genus. There are several species, including Aedes aegypti, which is 
considered the primary vector because of its importance in tropical and 
subtropical regions, and secondary vectors such as Aedes albopictus, and 
Aedes polynesiensis [46]. DENV is characterized by two modes of trans-
mission with different characteristics: sylvan transmission/diffusion to 
non-human primates with occasional spillover into human populations 
and urban transmission where the host is human [47]. Aedes aegypti and 
Aedes albopictus are the main vectors for urban transmission. In contrast, 
Aedes luteocephalus, Aedes furcifer and Aedes taylor are the main vectors 
for sylvatic transmission [48]. Infected mosquitoes transmit the virus 
vertically to their offspring via transovarial transmission, which is an 
essential factor in the maintenance of transmission cycles in both 
humans and wildlife [49]. Non-vector routes of transmission have also 
been reported, including blood transfusion, bone marrow trans-
plantation, and intrapartum and perinatal transmission [50]. The life 
cycle of Aedes mosquitoes is characterized by two phases: an aquatic 
phase (larvae, pupae) and a terrestrial phase (eggs, adults), which is 
articulated and lasts approximately 8–10 days. Aedes albopictus is 
emerging as a particularly important vector due to its ability to adapt to 
temperate climates, which has allowed it to spread rapidly across 
Europe. This type of mosquito feeds mainly on human blood during the 
day, but Aedes mosquitoes are also active at dusk and at night. Humans 
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act as amplifying hosts for the spread of the virus [51]. Humans are the 
main host reservoir for dengue, but a meta-analysis by Gwee et al., 
considers how different animals may be involved in maintaining the 
virus in an enzootic cycle [52]. The results of the meta-analysis showed 
that dengue virus is present in 10.1% of bats, 34.1% of pigs and 27.3% of 
non-human primates. 

7. Pathogenesis 

The pathogenesis of DENV is influenced by many factors, including 
virulence, immune status, host genetics, and possible pre-existing dis-
eases. DENV infection is characterized by a spectrum of diseases ranging 
from mild asymptomatic dengue fever (DF) to severe dengue haemor-
rhagic fever (DHF) and life-threatening dengue shock syndrome (DSS) 
[53]. The gateway for DENV is the skin, where the virus enters with the 

saliva of the mosquito [54]. In the subcutaneous and dermal layers, the 
virus adheres to the surface of the leukocytes. 

Inside the cell, the virus replicates in microvesicles associated with 
the endoplasmic reticulum. The viral RNA genome is copied, and protein 
production begins, eventually leading to the assembly of new virions in 
the Golgi apparatus. These virions leave the cell by exocytosis and are 
released to infect other cells. Infected white blood cells produce inter-
feron, initiating processes that cause symptoms such as fever, aches, 
chills and sweating, similar to flu symptoms [55]. Severe infections with 
high viral loads can also affect the liver and bone marrow, causing 
damage to parenchymal cells and the endothelium of capillary vessels. 
Viral replication in bone marrow cells disrupts haematopoiesis, altering 
the maturation of blood cells and leading to plateletopenia. This con-
dition is responsible for the haemorrhages typical of Dengue [56]. In 
addition, viral mechanisms can cause cellular damage, particularly to 

Fig. 1. Pesticide use tons worldwide from 1990 to 2021. 
The picture shows the development of pesticide consumption worldwide by showing the years considered on the x-axis and the consumption per tonne on the y-axis. 

Fig. 2. The approved dengue vaccines are Dengvaxia® and Qdenga®. 
The column in dark pink shows some of the characteristics of the Dengvaxia® vaccine, while the column in light blue shows the characteristics of the 
Qdenga® vaccine. 
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the vascular endothelium, leading to increased permeability. After the 
initial febrile period, pleural effusion or the presence of ascites in the 
abdomen may occur. This leads to a decrease in intravascular fluid, 
resulting in hypovolemia and poor perfusion of vital organs. Severe 
manifestations of Dengue, such as shock or haemorrhagic fever, occur in 
less than 5% of patients, mainly in those infected with a different DENV 
serotype from a previous infection. 

8. Vaccines 

The only two licensed vaccines against the DENV are Dengvaxia® 
and Qdenga®, both of which are tetravalent, live-attenuated vaccines 
targeting DENV1–4 serotypes (Fig. 2). The World Health Organization 
(WHO) identified the development of a safe and effective vaccine 
against Dengue as an urgent priority in its 2013 guidelines. In recent 
years, researchers have been engaged in applying various research 
strategies to construct new vaccines, including inactivated, live atten-
uated, DNA, mRNA, subunit and viral vector vaccines. Seven promising 
dengue vaccines are currently being developed. Dengvaxia® (CYD-TDV) 
is a live attenuated vaccine in which the yellow fever virus 17D genes 
have been replaced by genes encoding protein E and PrM of all four 
serotypes [57]. It was approved by the FDA in 2015, but with strict 
restrictions on its use, taking into account the age and serological status 
of patients. Dengvaxia® is used in children aged 9–16 years with a 
history of laboratory-confirmed dengue infection and living in endemic 
areas. This vaccine is effective against all serotypes, but it is only safe in 
a person who has had a previous dengue infection. In fact, the vaccine 
increases the risk of developing severe infection during spontaneous 
disease in a previously uninfected individual, even up to 3 years after 
injection. Qdenga® (TAK-003) is a live attenuated vaccine obtained by 
replacing the PrM and E genes of DENV2 with those of the wild-type 
viruses DENV1 16,007, DENV3 16,562 and DENV4 1036 [58]. 
Qdenga® can be given to adults, adolescents and children from 4 years 
of age [59]. Unlike Dengvaxia®, Qdenga® can be given to prevent 
disease in people who have never been infected. An ideal dengue vac-
cine should be able to provide effective protection against all serotypes 
of the virus and also protect against antibody-dependent enhancement. 
In the first case, tetravalent vaccine formulations are often hampered by 
antigenic competition, while in the second case, the vaccine-induced 
protection could increase the risk of developing severe infection over 
time. 

9. Vector control 

Effective management of the DENV requires a multifaceted approach 
that includes vector reduction and population control. In addition, 
mosquito habitat reduction is a key element in the fight against Dengue. 
This strategy aims to eliminate or reduce the places where mosquitoes 
lay their eggs and develop. This can be achieved through interventions 
such as removing stagnant water containers, cleaning drains and man-
aging waste. Currently, strategies to reduce DENV infections are based 
on vector control, such as public awareness campaigns, the use of in-
secticides and vector surveillance systems. Responsible use of in-
secticides is essential to avoid potential risks to human health and the 
environment [60]. Biological control of mosquitoes offers a sustainable 
alternative to chemical insecticides. This strategy involves the use of 
organisms or biological agents that prey on or compete with mosquitoes. 
For example, releasing fish larvae that feed on mosquito larvae into 
water tanks can help reduce the mosquito population. Other biological 
control methods include the use of bacteria such as Bacillus thuringiensis 
israelensis, which kills mosquito larvae [61,62]. New strategies are also 
being developed and tested, such as interfering with the vitality of 
vectors, e.g. transgenic mosquitoes [63]. Continuous monitoring of the 
mosquito population and evaluation of the effectiveness of control 
strategies are essential to adapt control measures to changing local 
conditions. 

10. Diagnosis 

The choice of diagnostic method depends on the objective of the test, 
the type of laboratory equipment, the experience of the staff, the cost 
and the time required for sample collection. Molecular and serological 
tests are used to diagnose Dengue (Fig. 3); 

1) Molecular tests: a) Nucleic acid tests (NAT) diagnose and quantify 
viral RNA/DNA with high precision, high specificity, high sensitivity, 
high speed and low cost, allowing detection in the acute phase; b) 
reverse transcriptase-polymerase chain reaction (RT-PCR): This is the 
gold standard in dengue diagnosis [64]. There are multiple tests that can 
distinguish between Dengue, Zika virus and chikungunya; c) 
ISOTHERMAL AMPLIFICATION: these do not require a thermal cycler 
and can be less complex and less expensive. Examples include reverse 
transcription-loop mediated isothermal amplification (RT-LAMP), 
reverse-transcription recombinase polymerase amplification (RT-RPA) 
and nucleic acid sequence-based amplification (NASBA) [65,66]. 

2)Serological tests; a)ANTIGEN DETECTION: NS1 antigen plays a 
key role in DENV replication and is detected by immunochromato-
graphic or immunofluorescence tests on serum [67]. b)ANTIBODY 
DETECTION: Detection of IgG and IgM in serum and cerebrospinal fluid 
by ELISA [68]. A limitation of serological tests is certainly the cross- 
reactivity between DENV, Zika virus, and West Nile virus serotypes 
due to similarities in viral structure, which also induces clinical symp-
toms in areas of endemicity of these infectious diseases. Currently, the 
gold standard for differentiating these flaviviruses is the neutralization 
test, which is the most reliable and specific among flaviviruses. 

11. Perspectives of -OMICS sciences in Dengue control 

The -OMICS sciences represent a wide range of disciplines that aim to 
identify the structural and functional characteristics of the biological 
molecules of the organisms under study. The omics sciences, and in 
particular the multi-omics approach, can solve complex biological 
problems through systematic methodology and analytical completeness 
and allow the characterization of molecular targets and immunoreactive 
proteins, which are fundamental for the development of new diagnostic 
techniques and new prophylactic interventions [69–71]. Early diagnosis 
is a crucial step in the management of infectious diseases, especially 
those infections characterized by a complex biological cycle that falls 
under the One Health management model [72]. In recent years, several 
studies have been conducted on the evolution of Dengue from a genomic 
perspective, with particular emphasis on the identification of genotypes 
and serotypes involved in epidemics in different areas of the world 
[73–75]. Genomic information on different genotypes present on a 
global scale is crucial for understanding genes associated with virulence 
and differential gene expression [76]. One of the most interesting and 
comprehensive comparative genomics studies was performed by Letizia 
et al., in Burkina Faso in 2017 through a retrospective genomic char-
acterization of a dengue outbreak [77]. The researchers sequenced 29 
DENV genomes and confirmed the co-circulation of DENV-1, DENV-2 
and DENV-3 serotypes. Phylogenetic analysis showed that DENV-2 is 
endemic in Burkina Faso, with two complete genomes and one partial 
genome obtained from PCR-negative samples. Among the omics sci-
ences, proteomics provides data directly applicable to the development 
of rapid diagnostic tests and innovative vaccines. In recent years, pro-
teomics has been successfully applied to the study of Dengue to identify 
specific immunoreactive epitopes, detectable antigens and antibody 
responses. Testa et al., showed that dengue virus-infected cells have 
epitopes derived from capsid protein C and non-structural protein NS4B 
and NS5, which are conserved across DENV serotypes [78]. These epi-
topes could be used to characterize T cell-mediated immunity for the 
development of new vaccines or to complement current vaccines in 
development. The most widely used serological tests are those based on 
the detection of IgM and IgG antibodies, but cross-reactivity between 
flaviviruses and the inability to diagnose disease in the acute phase are 
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important limitations of these tests [79,80]. The non-structural protein 
NS1 may be an attractive biomarker for the detection of acute dengue 
infection and may also provide a serological alternative to viral RNA by 
RT-PCR. In a study by Allonso et al., an ELISA was developed to detect 
and quantify NS1 protein from the four DENV serotypes [81]. Interest-
ingly, NS1 positivity for DENV4 samples was lower than for DENV1, and 
circulating NS1 concentrations ranged from 7 to 284 ng/mL. In addition 
to their dynamic significance, proteins have important logistical ad-
vantages over nucleic acids because of their greater stability. In fact, 
proteins are less susceptible to sample degradation during transport than 
viral RNA, thus reducing the likelihood of false negatives [82]. Advances 
in proteomics technologies are revolutionizing the field of microbiology 
through the development of analysis algorithms, but above all, through 
the application of new knowledge about host-pathogen interactions. In 
order to get a defined picture of the complex interactions underlying 
systems biology in host-pathogen interactions, proteomics must be 
combined with other -OMICS sciences (genomics, transcriptomics, 
metabolomics) [83]. In the approach to vaccine design, it is always 
necessary to have a deep understanding of these interactions to ensure 
durable and effective protection. An ideal vaccine should be able to 
induce a complete immune response, but to ensure this, it would be 
necessary to understand the interactions of the components of innate 
immunity, antibodies, and adaptive cell-mediated immunity at a sys-
tems level. This approach, called ‘systems biology’, comprehensively 
assesses the complexity of biological systems using omics methods. 
Statistical analyses and computational models are then used to under-
stand which of these differences contribute to the initiation, develop-
ment, kinetics, maintenance and durability of immune responses to 
vaccines. Alsaiari et al., conducted an interesting study based on the 
technique of reverse vaccinology to design a vaccine against all four 
serotypes of dengue [84]. In particular, the researchers attempted to 
design a multi-epitope vaccine in silico from immunogenic B- and T-cell 
epitopes capable of eliciting humoral and cell-mediated immune re-
sponses. From all four serotypes, only five epitopes were effective for 
vaccine construction. After molecular docking and molecular dynamics 
simulations against HLA and TRL receptors 2 and 4 and transcription of 
the vaccine sequence into cDNA to generate an expression vector in 
Escherichia coli K12, Alsaiari et al., classified the potential vaccine 
construct ‘V5’ as antigenic, non-allergenic and stable. However, exper-
imental analysis is required as this is still an in silico experiment. In 
addition, a study by Bondhon et al., evaluated forty-three phytochemi-
cals as potential inhibitors of the DENV-2 serotype NS2B-NS3 protease 
[85]. The results of the study indicated that catechin gallate, luteolin-7- 

O-glucoside and eriodictyol had the most promising data as therapeutic 
agents against DENV-2. Finally, metagenomics has recently been used to 
analyze the microbiota of the vector in order to identify strategies to 
manipulate the same microbiota that may be useful in the control of 
Dengue. In this regard, a study by Wu et al., showed that the symbiont 
Serratia marcescens promotes susceptibility to infection in vectors due to 
its ability to degrade the mucins of the intestinal membrane, causing 
DENV to spread in the intestine and becoming a potential target [86]. 

12. Conclusions 

The threat of Dengue, the impact of climate change on the virus, the 
difficulty of managing the emergency using traditional methods, and the 
fragility of vaccination underline the need for a One Health approach to 
zoonotic disease management. The review highlighted the urgent need 
to address the threat posed by the dengue virus through the use of 
biotechnology and -OMICS sciences to identify new vaccination and 
prophylactic strategies in managing a virus that is increasingly emerging 
as a severe threat to global health. -OMICS sciences, using a multidis-
ciplinary approach, can solve complex biological problems through 
systematic methodology and analytical completeness and allow the 
characterization of molecular targets and immunoreactive proteins, 
which are fundamental for developing new diagnostic techniques and 
new prophylactic interventions. In addition, the use of bioinformatic 
analysis and big data is emerging as a tool with extraordinary potential 
for the design of future effective vaccines. In conclusion, the review 
highlights how advances in the understanding of the dengue virus are 
needed to provide information on immunogenic dynamics and 
pathogen-host interactions and how -OMICS sciences and the One- 
Health approach are essential elements in managing this threat. 
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