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Introduction



Dengue in figures: a global emergency

Most common arthropod-
borne infection worldwide

Estimated 110 million
symptomatic infections
globally/year

Simultaneous rise in 
burden of non-
comunicable diseases
increased risk of severe
and complicated dengue

Economic burden
(healthcare costs, 
productivity loss, vector 
control expense) projected
to reach hundreds of 
billions of dollars by 2050

June 2024: WHO identified
dengue as priority
pathogen for all six WHO 
regions

McBride et al, BMJ Public Health 2026; Asish et al, Int J Infect Dis 2023; Nkaase et al, Commun Earth Environ 2024; Chen et al, SSRN 2024; WHO PATHOGENS prioritization a 
scientific framework for epidemic and pandemic research preparedness. 2024. Available: https://www.who.int/publications/m/item/ pathogens-prioritization-a-scientific-
framework-for-epidemic-andpandemic-research-preparedness (accessed March 2026)

• Climate change
• Geographical expansion

mosquito vector
• Urbanisation
• Population movements

“EXTRAS”:

https://www.who.int/publications/m/item/


Increased 
global mobility: 
international 
travel and 
migration

Source: UNWTO, access February 2026; McAuliffe, M. 
and L.A. Oucho (eds.), 2024. World Migration Report 
2024. International Organization for Migration (IOM), 
Geneva



Climate Change

Climate change intensifies interactions between hosts and 
pathogens emergence human diseases

Alterations in precipitation patterns + rising global temperatures

Rainfall or flooding stagnant water collections, expanding aquatic 
habitats for mosquito life cycles 

During droughts  breeding sites in artificial or man-made 
containers

Modest increases in temperature in temperate regions (mainland 
Europe, US)  vector survival and duration of transmission season

Mora et al, Nat Clim Chang, 2022; Zapletal et al, PLoS One, 2018; Kamiya et al, Epidemics, 2020; Heat map showing temperature anomaly for 2021, vs to 1951-1980 average



Dengue Therapeutics



What do we have now?



Current management

• Relies on fluid resuscitation and pharmacologic 
interventions. 
• Hydration and monitoring volume status

• Paracetamol (acetaminophen) and metamizole 
(dipyrone) if available

• WHO guidelines recommend against use of 
corticosteroids, NSAIDs, Igs, prophylactic platelet 
transfusions

WHO guidelines for clinical management of arboviral diseases: dengue, chikungunya, Zika and yellow fever. Available at 
https://www.who.int/publications/i/item/9789240111110. (accessed March 2026); WHO. Target product profiles for treatment for dengue fever. Available at
https://www.who.int/news-room/articles-detail/call-for-public-consultation-targetproduct-
profiles-for-treatments-for-dengue-fever (accessed March 2026 ) National Institute of Allergy and Infectious Diseases. Target Product Profile (TPP) for APP
Antiviral Therapeutics (accessed March 2026) Available from: https://www.niaid.nih.gov/research/support-antiviral-TPPs.

https://www.who.int/publications/i/item/9789240111110


Patient Triage





Dengue risk models



What do we want?



WHO Target Product Profile (TPP) development

• WHO product profiles to accelerate development of neglected health products for greatest and 
most urgent unmet public health needs

• Developed as product pipeline matures and before phase 3 trials finalized

• Strategic reference document for product developers, regulatory agencies, procurement bodies, 
and funders to facilitate alignment between public health and R&D priorities

• TPPs provide guidance on minimally acceptable (essential) and preferred (optimal) criteria for 
product to be implemented and accessible

WHO guidelines for clinical management of arboviral diseases: dengue, chikungunya, Zika and yellow fever. Available at 
https://www.who.int/publications/i/item/9789240111110. (accessed March 2026); WHO. Target product profiles for treatment for dengue fever. Available at
https://www.who.int/news-room/articles-detail/call-for-public-consultation-targetproduct-
profiles-for-treatments-for-dengue-fever (accessed March 2026); National Institute of Allergy and Infectious Diseases. Target Product Profile (TPP) for APP
Antiviral Therapeutics (accessed March 2026) Available from: https://www.niaid.nih.gov/research/support-antiviral-TPPs.

https://www.who.int/publications/i/item/9789240111110


Considerations and Rationale for dengue TPP

• Geographical distribution: 
• wide and expanding!
• overlap other mosquito-borne viruses (ZIKV, YFV, CHIKV) and mosquito-borne tropical diseases (malaria) 
• almost half of the world’s population live in risk areas
• leading cause of illness in the endemic areas. 
• common in many popular tourist destinations

• Clinical presentation: 
• acute febrile illness to hemorrhagic fever (mild symptoms can be confused with other illnesses causing fever 

+/- rash) 
• quick progression from febrile phase (peak viremia ~ day 1) to critical phase (within 3-6 days)
• warning signs of severe disease appear with defervescence as viremia decreases
• prospective antivirals most effective administered during febrile phase and emphasis should be on PrEP.
• risk of severe disease increases with secondary DENV infection and decreases with subsequent infections. 

• Diagnosis:
• preferred NAAT (PCR) limited by viremia
• serological tests exhibit cross-reactivity (other flaviviruses, most notably ZIKV)
• testing widely available in at-risk areas, but may take several days, limiting treatment window. 

Adapted from: National Institute of Allergy and Infectious Diseases. Target Product Profile (TPP) for APP
Antiviral Therapeutics (accessed March 2026) Available from: https://www.niaid.nih.gov/research/support-antiviral-TPPs.
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What do we want?

• WHO (TPP) proposed treatment:

• non-severe dengue: “a dispersible tablet with excellent bioavailability given in a 
short course of ≤7 days or single-dose injectable with high safety requiring no 
routine monitoring and pan-serotype efficacy in reducing symptom severity and 
duration, and ideally also reducing progression to severe dengue”  

• severe dengue: “an intravenous drug which reduces development of and duration 
of organ failure requiring invasive organ support with a positive risk-benefit ratio… 
reproductive toxicity studies for any dengue drug…conducted ahead of phase 3 
trials to enable inclusion of pregnant and lactating women… in pivotal studies”

• research efforts should go hand-in-hand with development of accessible rapid 
diagnostic tests (to facilitate test-and-treat approach) 

WHO guidelines for clinical management of arboviral diseases: dengue, chikungunya, Zika and yellow fever. Available at 
https://www.who.int/publications/i/item/9789240111110. (accessed March 2026); WHO. Target product profiles for treatment for dengue fever. Available at
https://www.who.int/news-room/articles-detail/call-for-public-consultation-targetproduct-
profiles-for-treatments-for-dengue-fever (accessed March 2026); National Institute of Allergy and Infectious Diseases. Target Product Profile (TPP) for APP
Antiviral Therapeutics (accessed March 2026) Available from: https://www.niaid.nih.gov/research/support-antiviral-TPPs.

https://www.who.int/publications/i/item/9789240111110


> 300 trials listed on clinicaltrials.gov: 
36 non-vaccine products

Two approaches: 
1) inhibition DENV replication using direct-
acting antivirals or inhibitors of host factors 
essential for viral replication; mAbs
2) inhibition of host responses to infection that 
contribute to plasma leakage

https://clinicaltrials.gov/search?cond=dengue&viewType=Table (accessed March 2026); McBride etal, BMJ Public Health, 2026

https://clinicaltrials.gov/search?cond=dengue&viewType=Table


• Candidate molecules with potential effect against dengue

• No significant effect for most candidate anti-dengue antivirals

• Potential anti-dengue molecules, tested in vitro or combination in 
vitro/in vivo (mainly with AG129 mouse models)

• Tested drugs mostly experimental, some repurposed antivirals, 
antibiotics, or chemotherapies 
• In vitro studies tested ribavirin (+/- in combination), mycophenolic acid, 

bortezomib, micafungin, montelukast, atorvastatin and ezetimibe, and 
doxorubicin derivatives

• In vivo results supported antiviral effects of ezetimibe and atorvastatin, 
combination of CM10-18 and ribavirin, favipiravir, sofosbuvir, 
montelukast, bortezomib, and micafungin.

• Further research needed…

Logiudice J, et al, New Microbes New Infect. 2025



• JNJ-1802—a highly potent DENV inhibitor 
that blocks the NS3–NS4B interaction within 
the viral replication complex

• small-molecule inhibitor JNJ-1802 is highly 
effective against viral infection with DENV-1 
or DENV-2 in non-human primates

Goethals et al, Nature, 2023



Mosnodenvir JNJ-1802

• oral, pan–DENV serotype small-molecule

• blocks viral replication by inhibiting de novo interaction 
between DENV nonstructural protein 3 (NS3) and NS4B

• Phase 2a, double-blind, RCT, 31 participants in 
controlled human infection model (CHIM)

• Assessed:
• safety and efficacy, including DENV-associated adverse events
• time to detection of viremia, peak viremia
• DENV IgM and IgG responses
• pharmacokinetics

• Demonstrated safety of mosnodenvir

• Significantly lower DENV RNA load in participants in high 
dose mosnodenvir group vs placebo

Durbin AP, et al, N Engl J Med. 2025; Goethals et al; Nature 2023

oral mosnodenvir once daily:
• low dose (40-mg loading, 10-mg maintenance)
• medium dose (200 mg 50 mg)
• high dose (600 mg 200 mg)
• matched placebo

(Loading doses 5 days; maintenance doses 21 days)

Participants received sc underattenuated DENV-3 
strain (rDEN3Δ30) with first maintenance dose (day 1)

Primary efficacy end point: DENV-3 RNA load 



https://www.jnj.com/media-center/press-releases/johnson-johnson-to-discontinue-phase-2-field-study-evaluating-investigational-antiviral-for-the-prevention-of-dengue
(accessed March 2026); https://www.science.org/doi/epdf/10.1126/science.aee4261 (accessed March 2026)

https://www.jnj.com/media-center/press-releases/johnson-johnson-to-discontinue-phase-2-field-study-evaluating-investigational-antiviral-for-the-prevention-of-dengue
https://www.science.org/doi/epdf/10.1126/science.aee4261


• AT-752, guanosine nucleotide prodrug inhibitor, pan-serotype antiviral activity against DENV

• Phase 2, randomized, double-blind, placebo-controlled study
• activity, safety, pharmacokinetics

• oral AT-752 (750 mg thrice daily for 5 days) vs placebo

• 21 adults with confirmed DENV

• primary endpoint: change from baseline in viral load (RT-PCR) Days 1–8, 14, and 28
• Non-evaluable, late presentation, with low baseline viremia levels (no accurate quantification at timepoints)
• In as-treated population (assessment at baseline and each post-baseline timepoint):

• mean reduction (versus baseline) in viral load on Day 4 greater in AT-752 group (p= 0.0022)
• median time to sustained resolution of fever 4 days in AT-752 group vs >5 days in the placebo group
• reduction in oral temperature Day 4 timepoint greater in AT-752 group (treatment difference: 0.84°C; P = 0.0322)
• trend toward faster platelet recovery in AT-752 group compared with placebo
• fewer patients (proportionally) in AT-752 group underwent hospitalization for disease progression

• favorable safety and tolerability
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• early retirement of trial illustrates challenges of dengue antiviral studies

• narrow window for patient recruitment (non-specific febrile phase, overlap with other viral illnesses)

• subjective reporting of fever by patients is unreliable

• dengue distinguished from febrile illnesses via symptoms/lab findings later in course of infection

• trial intended to enroll patients with early dengue (first 48 hours), but viremia below limit of detection 
in 30% and rapid decline by Day 4

• limited sensitivity of diagnostic tools

• recruitment of trial patients tends to rely on point-of-care DENV NS1Ag test, but sensitivity low in first 
two days and in secondary dengue

• PCR-screening not practical



Monoclonal antibodies

• Monoclonal antibodies as potential novel therapeutics or 
preventive agents (PrEP) for specific high-risk groups 

• Needs:

• against four DENV serotypes

• not triggering ADE

• efficacy even if high viremia or pre-existing antibodies

• amenable to Fc region of antibodies engineering to optimize 
safety and pharmacological properties

• Two candidates of human antibodies in Phase 2 clinical evaluation:

• VIS513

• AV-1

Farsiu et al, AMJTMH 2025; Terzi I et al, Virology, 2025; Burton DR, et al, Nat Rev Immunol. Nature Research; 2023.



VIS-513

• March- Dec 2019, 40 healthy adults, randomly assigned, no SAEs reported. 

• 31 (91%) of 34 participants receiving dengue monoclonal antibody reported 143 adverse events

• Of these, 80 were treatment-related:
• Headache (47%)
• infusion reaction (32%)
• lymphopenia (21%)
• fatigue (15%)
• pyrexia (12%)

• majority of adverse events were grade 1 or grade 2 in severity

• no anti-drug antibodies against dengue monoclonal antibody was detected

• recruitment completed for phase 2 trial of Dengushield (VIS-513, Serum Institute of India, CRTI 
2021/07/035290), results awaited…..

Gunale et al, Lancet Inf Dis 2024; McBride et al, BMJ Public Health 2026



AV-1

Limited information publicly available regarding preclinical development, 
epitope specificity, and anti-DENV activity

• Phase 1 trial (NCT04273217)

• randomized, triple blind, placebo-
controlled, single ascending dose study, 
conducted in healthy adults in the United 
States (ClinicalTrials.gov., 2020)

• 42 participants (18-45 years)

• single intravenous infusion of AV-1 at 
doses of 30 mg, 90 mg, 250 mg, 500 mg, 
or 1000 mg, or placebo

• Completed July 2021 (no serious adverse 
events) 

• Phase 2 challenge trial (NCT06799741) recently 
started

• will evaluate AV-1’s efficacy in at least 84 healthy 
adult volunteers

• randomized to AV-1 one day before or four days 
after being experimentally infected with mild, 
attenuated dengue virus strain (ClinicalTrials.gov., 
2025a). 

• subdivided into groups, 100 mg, 300 mg, or 900 
mg,  via a 60-min intravenous infusión

• aims to evaluate AV-1 influence on viral clearance, 
symptom severity, immune response, and define 
optimal dosing for future trials. 

Terzi et al, Virology, 2025; McBride et al, BMJ Public Health 2026



Monoclonal antibodies: uncertainties

Sub-neutralising antibody concentration is associated with ADE of dengue 
virus infection

Neutralisation potency of dengue mAb not balanced across 4 dengue 
virusesefficacy?

DENV mAb infusion associated with lymphopenia mainly in group 
receiving highest dose (12mg/Kg) of VIS513, may exacerbate DENV-
associated lymphopenia

Accessibility and affordability?



Repurposed drugs

• Some drugs repurposed and explored as host-directed 
therapies (HDT)

• May improve immune response and constrain host cellular 
factors in viral replication 

• Aim to limit disease progression

• Phase 2, 3 trials ongoing for montelukast and dexamethasone

• DEN-HOST to evaluate host kinases, inflammation pathways, 
and cellular entry factors (baricitinib, dexamethasone, and N-
acetylcysteine) 

• (Repurposing drugs with anti-inflammatory properties such as 
chloroquine and ivermectin disappointing)

Pandemic Sciences Institute. International collaboration launches largest-ever therapeutics trial for patients hospitalised with dengue [Internet]. 2025 Available from: 
https://www.psi.ox.ac.uk/news-and-opinion/international-collaboration-launcheslargest- ever-therapeutics-trial-for-patients-hospitalised-with-dengue (accessed March 2026)

https://www.psi.ox.ac.uk/news-and-opinion/international-collaboration-launcheslargest-


Dengue prevention



Vaccines



Vaccine development:  
“a bumpy road”

• Need to protect against four serotypes (essentially 
four viruses)

• Immune-mediated enhancement in severity/ 
antibody-dependent enhancement (associated 
mainly with secondary infections)

• Decades of dengue vaccine research…… 

• Licensure of three live-attenuated tetravalent 
dengue vaccines 

• Each is recombinant of four chimeric components 
that target all four serotypes 

Torres-Flores et al, BioDrugs, 2022



1.

• CYD-TDV (Dengvaxia, Sanofi)

• First vaccine to receive regulatory approval

• 3-dose series based on yellow fever backbone

• Phase 3 clinical trials (endemic and non-endemic areas), >30,000 participants 

• Vaccine efficacies:
• 59% against symptomatic virologically confirmed dengue (VCD)
• 73% against dengue hospitalization
• 79% against severe dengue 

• Initially licensed in 2015 in Mexico, the Philippines, Brazil, El Salvador

• Post-licensure data: severe dengue in some vaccinated individuals who later infected with dengue

• Increased severity possibly due to live vaccine serving as primary dengue infection (ADE when 
second DENV)

• WHO SAGE: cause indeterminate but required pre-vaccination testing for dengue positivity 

• Additionally, low demand led to interruption of manufacturing (September 2025) 

Torres-Flores et al, BioDrugs, 2022; Capeding et al, Lancet, 2014; Villar et al, NEJM, 2014; Thomas et al, Hum Vaccin Immunother. 2013; WHO position 
paper, September 2018 - Recommendations. Vaccine. 2019
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2.

• TAK-003 (Qdenga, Takeda)

• Licensed in 2022, first in Indonesia, now >40 countries.

• Based on DENV-2 backbone, 2-dose series (3-month interval)

• Phase 3 clinical trials, 20,000 participants

• Vaccine efficacies (11 months):

• 80% against symptomatic VCD

• 95% against dengue hospitalization

• VE higher in DENV-seropositive than DENV-seronegative participants (82% vs 75%)

• VE declined with time (4.5 years), long-term assessments following booster dose and follow up 
results support safety profile and persistent protection vs infection/hospitalization  

Torres-Flores et al, BioDrugs, 2022; Biswal et al, NEJM, 2019; Rivera et al, CID, 2022; Tricou et al, Lancet 2024; Escudero et al, 2025 



2.

• After 2023 licensure and incorporation into Brazil’s universal vaccination program, concern from 24 
reports of anaphylaxis (rate of 63.1 cases per million doses)

• Subsequent analyses on adverse events, rate lower 

• WHO SAGE recommended TAK-003 for 6-16 years in dengue-endemic, high-transmission settings 
and others at risk (international travelers)

• 2-dose schedule challenges implementation in endemic areas and international travelers 

Torres-Flores et al, BioDrugs, 2022; Percio et al, Vaccine 2024; Anschau et al, J Med Virol, 2025; WHO 2024; Freedman et al, JTM 2023; Steffen et al, JTM 2024 



3.

• TV003 (Butantan-DV; Instituto Butantan)

• Authorization for ages 12-59 years in Brazil ( November 2025)

• Full-length attenuated DENV1, DENV-2, DENV-3, with recombinant attenuated DENV-4 
virus that contains prM and E proteins of DENV-2

• Phase 3 clinical trial

• overall 2-year VE of 80%: 74% among DENV-naïve and 89% among DENV-exposed

• VE 90% against DENV-1; 70% against DENV-2; 

• lack of DENV-3 and DENV-4 precluded their VE determination 

• follow up 3.7 years VE against VCD 67% (DENV-3, DENV-4 not observed) 

Torres-Flores et al, BioDrugs, 2022; Instituto Butantan https://ensaiosclinicos.gov.br/news/493; Wilder-Smith ewt al, Curr Op Inf Dis 2022; Huang et al, Exp Rev Anti-inf 
Ther 2021; Kallas et al, NEJM, 2024; Nogeira et al, Lancet Inf Dis 2024  

https://ensaiosclinicos.gov.br/news/493


Additional dengue vaccine candidates

• Based on other vaccine platforms, including:
• inactivated virus
• subunit vaccine
• DNA vaccine
• viral vector vaccine
• heterologous prime boost 

• Development slower than for 3 recombinant live attenuated chimeric 
vaccines

• Large populations at risk and vulnerable populations where live vaccines 
usually contraindicated (e.g. immunocompromised persons, pregnant 
women), need for non-live vaccine platforms

Huang C-H, et al, Expert Rev Anti Infect Ther. 2021



The ideal vaccine?

• single dose

• non-live (for use in immunosuppressed patients and 
pregnant women)

• inducing rapid (10-14 days after vaccination) but long-
term immunological response

• balanced response vs 4 serotypes (sero - and sero + 
individuals)

• delivered via low cost, low technical requirement 
delivery methods (self-administered microneedles)

• effective use in response to outbreaks and/or in 
remote low-resource settings

Mansoor et al, PharmSciTech 2022; Kumar et al, J Healthcare Q Res, 2024



Other approaches for prevention

• Reduction of DENV systemic infection in mosquitoes. 

• Antiviral activity of JNJ-A07, pan-serotype DENV inhibitor, administered in blood meal to Aedes
aegypti mosquitoes 

• JNJ-A07 demonstrated activity in a mouse model where it blocked DENV-2 transmission by 
mosquitoes in preexposure and post-exposure settings

• JNJ-A07 persisted in mosquito bodies for 7 days after blood meal 

• Further evaluation needed 

• Interesting approach!! …..Evaluation of potential to control DENV outbreaks

Rosales-Rosas AL, et al, Sci Adv. 2024



Other approaches for
prevention

• Vector control programs

• Environmental modifications to reduce vector habitat and 
spraying with insecticide

• Genetically modified mosquitoes that carry gene lethal to 
female larvae, male offspring pass gene to future generations, 
gradually decreasing mosquito populations  

• Replacement of wild mosquitoes with Wolbachia-infected 
mosquitoes (with reduced vector competence) can prevent up 
to 77% dengue transmission and reduce dengue incidence 

Paz-Bailey G, e al, International Journal of Infectious Diseases, 2025; Spinner SAM, et al, Front 
Bioeng Biotechnol. 2022; Hilgenboecker K, et al, FEMS Microbiol Lett. 2008; Hoffmann AA,et
al, Nature. 2011



Research Gaps, Future Research Directions

Improve detection of 
outbreaks, advance 
modeling of disease burden

Understand temperature 
and precipitation patterns, 
predict vector activity, 
inform public health and 
vector control responses

Triage to identify patients at 
high risk of severe disease 
(may benefit from antiviral 
or host-directed therapeutic 
interventions)

Effective and accessible 
antiviral as proposed by 
WHO TPP not yet available, 
collaborative initiatives 
underway 

mAbs: VIS513 most 
advanced, broad 
neutralization, good safety, 
imminent Phase 3 testing; 
challenge trial for AV-1 
expected

Efforts to develop 
immunization tools without 
the limitations of live 
attenuated vaccines



Conclusions

Climate change, 
urbanization, 

population 
movements, socio-
political factors will 

further expand 
dengue risk 

Addressing dengue 
requires 

multifaceted 
approach

Licensure of dengue 
vaccines offers 

hope….

Continued research 
for vaccines, 

therapeutics, and 
vector control 

methods essential 
to meet ongoing

challenge



Thank you-Gracias

ffnorman@gmail.com


