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Global infections increasing from 23 million in 
1990 to 104 million in 2017 

Although the incidence of dengue is similar in 
Latin America and Asia, the mortality rates are 
higher in Asia

What is causing this increase in dengue?

Age stratified deaths and DALYs also increased (DALYS 
by 109%)
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The first instance where a disease 
similar to dengue was recorded was 
in in a Chinese medical 
encyclopaedia in 992.

First DENV isolated in 1943 in Japan. 

With time the four antigenically 
distinct DENVs spread globally, with 
the spread of Aede aegypti. 

Sporadic outbreaks were reported, 
since 1950s in many countries.

The first known epidemic of DHF 
occurred in Manila, Philippines, in 
1953 to 1954 (Gubler, Clin Micro Rev, 
1998)
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Different phases Case fatality rates (CFRs)

1st phase (1958-1967) >10% at beginning dropped to 
3% at end

2nd phase (1968-1977) 1% to 4%

3rd phase (1978-1987) 2.45% at the beginning and 
dropped to 0.58%

4th phase (1988-1997) 0.3 to 0.6%

Dengue was a 
predominantly 
child hood 
infection. 

(Huang et al, PNAS, 2022)



5

www.dndi.org

Changing epidemiology in dengue and its significance

Climate change increasing vector competency 
and geographical expansion of vectors

All four dengue viruses co-circulating in many 
endemic countries: more intense transmission 
and many infected with more than one serotype

Change in age of infection with the virus: more 
infections in adults of reproductive age and older 
age

Increase incidence of dengue in 
endemic countries and spread to 
new geographical locations

Increase in disease severity due to 
more secondary dengue infections

Dengue in pregnant women and in 
older adults with co-morbidities 
leading to severe dengue
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Pathogenesis of dengue and asymptomatic vs symptomatic dengue

1 in 4 (25%) of dengue infections have shown to 
be symptomatic.

The likelihood of symptomatic infection 
increases with age. <7% in children <10 years, 
8% to 11% by 20 years.  (Thai et al, PLOS Neg, 
2011) 

Those who do not 
develop endothelial 
dysfunction directly 
progress to the 
recovery phase

Are we seeing a higher number of dengue cases due to 
increase in symptomatic infection as more adults are 
infected?
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Risk factors for severe dengue
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There is a marked rise in diabetes, obesity and 
hypertension in Asia. 

Do these epidemiological risk factors lead to overall 
increase in symptomatic dengue or severe dengue?
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Dengue in pregnancy is associated with adverse maternal 
and fetal outcomes and high risk of severe dengue and 
death, especially around the time of delivery. 
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Risk factors for severe dengue
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WHO dengue classification 1997

WHO dengue classification 2009

How do you diagnose severe dengue/ dengue haemorrhagic fever?
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• Symptoms

• Fever

• Lethargy

• Muscle pains and joint pains

• Headache

• Sore throat (25% of children)

• GIT symptoms: abdominal pain, vomiting, 
diarrhoea

• Laboratory features

• Lymphopenia

• Thrombocytopenia

• Elevated liver enzymes

• Elevated CRP (usually not more than 50)

Clinical presentation of dengue



Plasma leakage

Pleural effusions/Ascites Hypotension

Poor organ 
perfusion

Further lowering 
of blood pressure

Intestinal and 
uterine mucosal 
ischemia

Respiratory distress

Liver 
dysfunction

Renal 
dysfunction

Acute liver failure and 
hepatic 
encephalopathy

Shock

Cerebral hypoxia

Gastrointestinal 
and vaginal 
bleeding

Direct viral 
infection and 
dysfunctional 
immune 
response

Coagulation 
abnormalities, 
platelet 
dysfunction 
and 
endothelial 
activation
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Viral factors

• NS1

• Virus genotypes, certain mutations

Host factors

• Immune status: primary vs 
secondary dengue

• Comorbidities: 
dysfunctional/aberrant immune 
response in those with metabolic 
disease

What causes plasma leakage?

Viral loads were 
highest for 
DENV1.

Risk of 
hospitalization 
and severe 
disease was 
highest with 
DENV2. 
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Patients with primary dengue had higher viral loads and NS1 
antigen levels persisting than secondary dengue.

Severe dengue is more frequent in secondary dengue. 

Patients who progress to develop severe 
dengue are unable to effectively clear the 
virus.
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Those who progressed to develop 
DHF/severe dengue had a 
dysfunctional immune response 
during early illness leading to 
immunopathology and delayed 
clearance of the virus. 
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Pathogenesis of vascular leak: NS1

NS1 causes vascular leak by:
1. Disruption of the glycocalyx of the endothelium
2. Inducing cytokines and inflammatory mediators that 

cause disruption of tight junctions and gap junctions
3. MMP-9 secretion of PBMCS

NS1 contributes to thrombocytopenia and bleeding by
1. Platelet activation
2. Enhancing aggregation

(Chen et al, J Bio Sci, 2018)

(Chao et al, PLOS Pathogens, 2019)
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Is secondary dengue a risk factor for severe disease and if so why?
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There are four dengue viruses. While infection with 
one serotype is generally believed to induce lifelong 
immunity, subsequent infection with other serotype 
may enhance disease. 



Its not just the antibody concentrations that matter. Quality of the antibodies matter too:
1. Their specificity: recognition of common areas of a
2. Their ability to activate complement, induce phagocytosis (by opsonization), ability to activate NK cells

How do pre-existing antibodies to the previous dengue virus lead to increased disease 
severity?
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Mast cells, inflammatory mediators and immune complexes in 
vascular leak

(St John et al, eLIFE, 2013 and St John, Nature Reviews Immunology, 2019)
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We need drugs that prevent progression to severe dengue

How do we find safe and effective drugs for dengue?

S T R A T E G Y  T O  M O V E  F O R W A R D

A hospital ward in the 
dengue outbreak in Sri Lanka 
2017
Photo: courtesy DR. 
Lakkumar Fernando
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Drugs for treatment for dengue

D R U G S  E V A L U A T E D  I N  C L I N I C A L  T R I A L S

Drugs that have undergone clinical trials

Ongoing clinical trials with repurposed and new 
drugs

Antivirals

• Celgosivir

• Balapiravir

Host directed therapies

• Chroloquine

• Lovastatin

• Prednisolone

• Dexamethasone

• Rupatadine

• Montelukast
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• Most prevalent
mosquito-borne viral 
disease

• Climate sensitive: rising 
burden of disease

• No existing treatments 
for uncomplicated 
dengue fever to  
prevent progression to 
severe disease and 
complications

DENGUE
TACKLING A RAPIDLY SPREADING CLIMATE-SENSITIVE DISEASE
THROUGH SOUTH-SOUTH COLLABORATION

OPPORTUNITIES OUR GOALS CHALLENGES

• Window of opportunity 
to meet growing 
medical need

• Well-defined 
populations for clinical 
trials and endpoints to 
define success

• Opportunities in small-
molecule drugs and/or 
biologicals 

• COVID-19 learnings and 
opportunities for cross-
fertilization

2021- 2028: Advance treatment solutions 
that can prevent progression to severe 
disease and reduce burden on public health 
systems

• Together with leaders in endemic 
countries, coordinate public-private 
partnerships for dengue R&D

• Accelerate evaluation of 
candidate repurposing agents as well 
as novel treatments, in monotherapy 
and in combination

• Antiviral + host-directed therapy 
combination, to be deployed with rapid 
diagnostic tests at point of care

• Affordable, sustainable, and adapted
for use in resource-limited settings, 
suitable for children/adults/elderly 

3.9 billion
people at risk

390 million
people infected 
annually

85% 
increase in 
number of cases 
from 1990 to 
2019

FACTS

MAIN PARTNERS: Ministry of Health Malaysia, Siriraj Hospital Faculty of Medicine - Mahidol University - Thailand, Oswaldo Cruz 
Foundation (Fiocruz) - Brazil, Translational Health Science and Technology Institute - India
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DENGUE STRATEGY

Host directed therapies: repurposing

• Mast cell products: proteases, platelet activating factor,

leukotrienes, serotonin, other lipid mediators

• Platelet products: Inflammatory cytokines

• Macrophage products: inflammatory cytokines and

lipid mediators

Direct acting antivirals: repurposing

• Reduce/inhibit viral replication and 
reduction of NS1

• Fast delivery of a safe and effective 
treatment

N=57
DENV1 and DENV2 
infection

Both DAAs and HDTs will have to be given fairly early in 
illness. 
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Dengue alliance: to 
develop a treatment which 
is co-created, co-owned 
and co-funded by partners

D N D I  P R E C L I N I C A L

Mahidol University - Siriraj 
Hospital, Bangkok, Thailand
Dr. Panisadee Avirutnan, 
Prof. Prasert Auewarakul

Translational Health Science 
and Technology Institute 
(THSTI), Faridabad, India
Dr. Guruprasad Medigeshi,
Dr. Sweety Samal

Institute for Medical 
Research National Institutes 
of Health, Selangor, Malaysia

Datuk Dr Muhammad Radzi 
Abu Hassan
Dr Ami Fazlin Mohamed 
Head of Herbal Medicine 
Research, IMR

UFMG,  Brazil
Prof. Mauro Teixeeira
Prof. Vivian Vasconcelos 
Costa

Preclinical testing

• In vitro testing for antivirals: 
antiviral assays with different cell 
lines for different DENV serotypes

• Host directed therapies

In vivo testing: mouse models

Clinical trials

• Establishing a clinical network

• POC trials

• Phase II and III trials

FIOCRUZ
Rio de Janeiro, Brazil
Dr. Thiago Moreno, 
Dr. Ernesto Marques
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facebook.com/dndi.org

youtube.com/dndiconnect

twitter.com/dndi

instagram.com/drugsforneglecteddiseasesinitiative

linkedin.com/company/dndi

Thank you
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