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Abstract 

Dengue virus (DENV) infection is a 

pervasive global arboviral threat, responsible 

for an estimated 390 million infections every 

year. The lack of a specific, licensed 

antiviral treatment has anciently shifted 

clinical focus toward supportive 

management and preventive strategies. This 

review consolidates the latest progress in 

combating dengue, detailing innovations in 

direct-acting antiviral agents, monoclonal 

antibody therapy, and next-generation 

vaccine platforms. Additionally, it assesses 

the evolving standards of supportive clinical 

care, explores the potential of novel drug 

delivery systems, and underscores the 

importance of integrated 'One Health' 

methodologies for vector management. 

While the development pipeline shows 

considerable promise, persistent obstacles 

include the risk of antiviral resistance, 

ensuring vaccine safety across diverse 

serological backgrounds, and the urgent 

need for rapid, point-of-care diagnostics. 

This analysis underscores the necessity of 

sustained scientific inquiry and global 

partnership to effectively convert these 

advancements into tangible improvements in 

patient outcomes and public health. 

Keywords: Dengue virus; Antiviral agents; 

Vaccine candidates; Clinical management; 

Monoclonal antibodies; One Health; 
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1. Introduction 

Dengue fever, precipitated by four distinct 

serotypes (DENV-1 through DENV-4) of 

the Flavivirus genus, stands as the most 

consequential mosquito-borne viral illness 

affecting humans globally [1]. The principal 

vectors, Aedes aegypti and Aedes albopictus, 

have facilitated a dramatic expansion of the 

virus’s ecological niche, currently placing 

more than half of the global population in 

areas of potential transmission risk [2]. 

Clinical manifestations span a broad 

spectrum, from an acute, self-resolving 

febrile syndrome to severe dengue, a life-

threatening condition marked by vascular 

leakage, hemorrhagic diathesis, and 

potential multi-organ failure [3]. The 

phenomenon of antibody-dependent 
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enhancement (ADE), wherein 

subneutralizing antibodies from a prior 

infection can exacerbate disease upon 

secondary infection with a heterologous 

serotype, presents a unique and formidable 

challenge for both therapeutic and vaccine 

development [4]. For decades, clinical 

management has been exclusively 

supportive, highlighting a critical, unmet 

need for targeted antivirals and more 

effective prophylactic interventions. This 

comprehensive review aims to delineate the 

contemporary landscape of advancements in 

dengue treatment modalities and strategic 

approaches to disease mitigation. 

2. Antiviral Therapeutic Approaches 

The pursuit of a direct, potent, and safe 

antiviral compound for dengue represents a 

paramount objective in translational 

infectious disease research. 

2.1 Direct-Acting Antivirals (DAAs) 

DAAs function by selectively inhibiting 

viral proteins essential for replication. The 

NS5 RNA-dependent RNA polymerase 

(RdRp) and the NS3 protease/helicase 

complex are among the most validated 

molecular targets [5]. Early candidates like 

NITD008 demonstrated significant 

inhibition of DENV RdRp in vitro but were 

hampered by toxicity profiles in preclinical 

models, illustrating a common hurdle in 

drug development [6]. Contemporary 

discovery efforts employ sophisticated high-

throughput screening and structure-based 

drug design to identify novel chemical 

entities with improved therapeutic indices, 

several of which are progressing through 

early-phase clinical evaluation [7]. 

2.2 Nucleoside Analogs 

This class of drugs acts as fraudulent 

substrates during viral RNA synthesis, 

leading to premature chain termination. 

Balapiravir, a nucleoside analog repurposed 

from hepatitis C research, exhibited in 

vitro activity against DENV but did not 

demonstrate significant reductions in 

viremia or clinical benefit in a phase II trial, 

emphasizing the complexities of translating 

laboratory findings to patient care [8]. 

Newer-generation analogs, including 7-

deaza-2'-C-ethyladenosine, are engineered 

for enhanced specificity and reduced host 

cell toxicity, and remain under active 

investigation [9]. 

2.3 Monoclonal Antibodies (mAbs) 

Inspired by their transformative impact in 

oncology and virology, monoclonal 

antibodies are being rigorously developed 

for dengue. Engineered human or 

humanized mAbs that bind to critical 

epitopes on the viral envelope (E) protein, 

particularly domain III, can potently 

neutralize infectivity [10]. Preclinical 

studies, such as those with mAb 2D22, have 

shown therapeutic efficacy in animal models 

of infection [11]. An innovative frontier 

involves bispecific antibody engineering, 

designed to concurrently neutralize multiple 

DENV serotypes, a strategy that may 

potentially circumvent the risks associated 

with ADE [12]. 

2.4 Combination Therapies 

Anticipating the evolutionary propensity for 

viral resistance, combination antiviral 

regimens are a strategic focus. 

Simultaneously targeting discrete stages of 
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the viral lifecycle-for instance, inhibiting 

cellular entry with mAbs while disrupting 

intracellular replication with a nucleoside 

analog-could yield synergistic effects and 

erect a higher genetic barrier to resistance, a 

principle well-established in the 

management of HIV and HCV [13]. 

2.5 Immunomodulators: Synthetic 

Interferons 

Type I interferons (IFNs) constitute a 

primary arm of the host's innate antiviral 

defense. While exogenous recombinant IFN-

α has been studied, its clinical utility is 

limited by a significant side-effect profile 

[14]. Current investigational approaches 

seek to harness the interferon pathway more 

precisely, utilizing IFN-stimulating agents or 

delivery systems that localize 

immunomodulatory activity to infected 

tissues, thereby aiming to boost antiviral 

state while constraining systemic 

inflammation [15]. 

3. Vaccine Development 

Prophylactic immunization remains the most 

sustainable and cost-effective long-term 

strategy for dengue control. 

3.1 Licensed Vaccine: CYD-TDV 

(Dengvaxia) 

As the first licensed dengue vaccine, CYD-

TDV is a live-attenuated, chimeric 

tetravalent vaccine based on a yellow fever 

17D backbone. Post-marketing surveillance 

revealed a nuanced profile: it provides 

protective efficacy in individuals with pre-

existing dengue immunity (seropositives) 

but paradoxically increases the relative risk 

of severe dengue in those encountering their 

first natural infection post-vaccination 

(seronegatives) [16]. Consequently, the 

World Health Organization (WHO) 

recommends its use primarily in regions 

with high seroprevalence and, ideally, with 

pre-vaccination serological screening, 

highlighting the critical role of diagnostic 

precision in vaccination programs [17]. 

3.2 Other Promising Vaccine Candidates 

TAK-003 (Qdenga): This live-attenuated 

tetravalent vaccine utilizes a DENV-2 

backbone to express antigens from all four 

serotypes. Results from pivotal phase III 

trials indicated robust efficacy against 

virologically confirmed dengue, and 

crucially, no increased risk of severe disease 

was observed in baseline seronegative 

participants through 4.5 years of follow-up, 

distinguishing it from CYD-TDV [18]. It has 

subsequently received regulatory approval in 

numerous endemic countries. 

TV003/TV005: Developed by the US 

National Institutes of Health (NIH), these 

are admixtures of four live-attenuated 

DENV strains. A single dose of TV003 has 

been shown to elicit balanced, tetravalent 

neutralizing antibody responses in a high 

proportion of flavivirus-naïve adults, and it 

is undergoing phase III evaluation in Brazil 

[19]. 

Subunit and Inactivated Vaccines:  

Platforms such as the tetravalent purified 

inactivated vaccine (TDENV-PIV) and 

subunit vaccines like V180, which is based 

on the E protein, prioritize safety by 

avoiding live viral components. These 

candidates, often in earlier clinical phases, 

typically require potent adjuvants and/or 
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multiple doses to induce durable, protective 

immunity [20]. 

4. Supportive Clinical Management 

In the absence of a specific cure, meticulous 

supportive care is the definitive intervention 

for reducing dengue-associated mortality. 

4.1 Fluid Resuscitation and Monitoring 

The cornerstone of managing severe dengue 

is careful fluid administration during the 

critical phase of potential plasma leakage 

(typically days 3-7 of illness). The goal is to 

maintain adequate perfusion while avoiding 

iatrogenic fluid overload, which can 

contribute to respiratory distress [21]. 

Contemporary WHO guidelines advocate for 

the use of crystalloid solutions as first-line 

resuscitation fluids [22]. Advanced 

monitoring, encompassing serial hematocrit 

assessments, bedside ultrasonography to 

detect subclinical effusions, and non-

invasive hemodynamic monitoring via 

technologies like photoplethysmography, is 

increasingly adopted to facilitate precise, 

goal-directed fluid therapy [23]. 

4.2 Symptomatic and Analgesic 

Management 

For fever and pain, acetaminophen 

(paracetamol) is the recommended agent. 

Non-steroidal anti-inflammatory drugs 

(NSAIDs) and aspirin are strictly 

contraindicated due to their anticoagulant 

effects and association with an elevated risk 

of hemorrhagic complications and Reye's 

syndrome [24]. Supportive pharmacotherapy 

also includes the use of antiemetics to 

control vomiting and the careful correction 

of any electrolyte disturbances [25]. 

4.3 Inpatient and Outpatient Care 

Protocols 

Effective triage is fundamental. Patients 

presenting without warning signs-such as 

intense abdominal pain, persistent emesis, 

clinical fluid accumulation, mucosal 

bleeding, or lethargy-can often be managed 

as outpatients with explicit instructions for 

hydration and monitoring for clinical 

deterioration [26]. Hospital admission is 

imperative for patients exhibiting any 

warning signs, those diagnosed with severe 

dengue, or individuals with challenging 

social circumstances that preclude safe home 

monitoring [27]. 

5. Complementary and Integrative 

Strategies 

5.1 Herbal and Natural Products 

A multitude of phytochemicals have 

demonstrated anti-DENV activity in 

experimental models. In vitro studies 

suggest that compounds like quercetin may 

inhibit viral replication, curcumin could 

modulate host cell signaling pathways, and 

carrageenan might act as a viral entry 

inhibitor [28]. However, the transition from 

laboratory findings to clinical application 

faces significant barriers, including the need 

for standardized extracts, demonstration of 

oral bioavailability, and validation through 

rigorous, randomized controlled trials [29]. 

5.2 Nanotechnology in Drug Delivery 

Nanocarrier systems, including liposomes, 

polymeric nanoparticles, and dendrimers, 

offer transformative potential for antiviral 

drug delivery. These platforms can enhance 

drug solubility, provide controlled or 

sustained release profiles, protect therapeutic 
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payloads from degradation, and enable 

targeted delivery to infected cells. This can 

potentially increase therapeutic efficacy 

while minimizing off-target effects and 

systemic toxicity [30]. Proof-of-concept 

studies have shown, for example, that small 

interfering RNA (siRNA) encapsulated in 

nanoparticles can effectively silence viral 

genes in vivo [31]. 

5.3 One Health and Vector Control 

Sustainable dengue suppression necessitates 

integrated vector management (IVM) within 

a "One Health" framework. This holistic 

approach combines biological control 

strategies (e.g., deployment of Wolbachia-

infected Aedes mosquitoes), environmental 

management to eliminate breeding sites, and 

judicious use of insecticides [32]. 

The Wolbachia method, wherein mosquitos 

carrying the endosymbiotic bacterium 

exhibit a significantly reduced capacity to 

transmit DENV, has yielded impressive 

reductions in dengue incidence in large-scale 

field deployments [33]. Complementing 

these measures, community-based education 

and digital surveillance systems for outbreak 

prediction are vital components of a 

comprehensive prevention strategy [34]. 

6. Challenges and Future Directions 

Despite encouraging progress, substantial 

challenges persist. The discovery of a pan-

serotypic, well-tolerated, and cost-effective 

direct antiviral remains an elusive goal [35]. 

In the vaccine arena, key challenges include 

ensuring long-term safety and balanced 

efficacy against all four serotypes across 

diverse age groups, and establishing 

sustainable delivery and financing 

mechanisms in low-resource endemic 

settings [36]. The specter of antiviral drug 

resistance necessitates vigilant 

pharmacovigilance and stewardship from the 

outset of any drug deployment [37]. Future 

research priorities must emphasize the 

development of rapid, low-cost diagnostic 

tests for early infection and severe disease 

prediction, the identification of validated 

prognostic biomarkers, and implementation 

science research to effectively integrate new 

tools into existing healthcare infrastructures 

[38]. A truly concerted, interdisciplinary 

"One Health" approach, harmonizing 

human, animal, and environmental health 

interventions, is indispensable for achieving 

lasting control of dengue transmission [39]. 

7. Conclusion 

The paradigm for dengue management is 

undergoing a significant shift, moving 

beyond purely supportive care to incorporate 

an expanding arsenal of specific 

prophylactic and therapeutic modalities. The 

licensure of advanced vaccine candidates 

like TAK-003 and a robust pipeline of 

investigational antivirals signal a new era. 

However, the ultimate public health impact 

of these innovations will be contingent upon 

equitable global access, their informed 

application guided by accurate diagnostics, 

and seamless integration with optimized 

supportive care and robust vector control 

programs. Unwavering commitment to 

research investment and fostering cross-

disciplinary, international collaboration are 

fundamental prerequisites to alleviating the 

escalating global burden of dengue fever. 
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