
Dengue 

The opinions or assertions contained herein are the private views of the author, and are not to be construed as official, or as reflecting true views of the Department of the Army or the Department of Defense.  Research was 
conducted in an AAALACi accredited facility in compliance with the Animal Welfare Act and other federal statutes and regulations relating to animals and experiments involving animals and adheres to principles stated in 
the Guide for the Care and Use of Laboratory Animals, NRC Publication, 2011 edition. 

WRAIR- GEIS 'Operational Clinical Infectious Disease' Course 



2 

Lecture Objectives 
1. Understand the global distribution of dengue virus 

circulation and disease. 
2. Appreciate the spectrum of dengue clinical 

phenotypes and recognize severe forms of the 
disease. 

3. Understand the nuances of treating dengue and best 
management practices. 

4. Become familiar with countermeasure 
development efforts. 
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Lecture Outline 
• Introduction 

• Epidemiology 

• Clinical Phenotypes 

• Pathophysiology 

• Diagnostics 

• Management 

• Vaccine Development 

Kuhn, R., Purdue University 
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Dengue 
• Basics 

– Family Flaviviridae, Genus Flavivirus, Species Dengue 
• Same family as WNV, YF, JE, Zika 

– RNA virus, 3 structural and 7 non-structural genes 
• Different functions during infection process 
• Different targets for drugs/vaccines 

– 4 dengue virus types: DENV-1-4 
• Multiple genotypes within each dengue virus type 
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Dengue Epidemiology 

Dengue Ward:  QSNICH, Bangkok, Thailand (Photo: Christopher Brown, IHT) 
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Factors Driving Transmission 

• Dengue viruses 
– Human travel 
– Viral evolution 

• Naïve hosts 
– Population growth 
– Increased urbanization 

• Vector 
– Ecologic changes 
– Evolution 

DENVS Vector 

Naïve 
Hosts 

Transmission 
& Disease 
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Mosquito Vectors 
• Aedes mosquitos 

• Female bite, day time biter 
• Mosquito incubation period of 8-12 days and 

remains infective 
• Urban area, breed in or by houses 
• Man made or natural water containers 
• Short flyers 
 

• Aedes aegypti 
• Principal vector 
• Multiple blood meals 
• Tropical and subtropical distribution 
 

• Aedes albopictus 
• Less efficient vector 
• Wider distribution, better cold tolerance 
• Locally acquired cases in non endemic countries 

(Japan in 2014) 
CDC 
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• Laboratory acquired? 
• Blood supply? 
• Organ donation? 
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DENV Type Distribution - 1970 

D. Gubler 
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Global Air Travel Flight Plans 
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DENV Type Distribution - 2004 

D. Gubler 
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Dengue Burden 

389.9M infections/ year 
AMERICAS 

Under-estimated and under-reported 

Bhatt et al., Nature. 2013 Apr 7. 

ASIA 
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Brazil 

Indonesia 
 
 

Viet Nam 

Mexico 
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Average dengue incidence /100,000 by 
country, 1980–2007 
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Middle East 
Pakistan 
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Africa 

Brown – dengue reported 
 
Light Brown – dengue not reported 
but vector exists 
 
White – data not available 
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High Financial and Human Cost 

B
ill
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ns
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Economic and Disease Burden of Dengue in 
Southeast Asia 

 Shepard DS, Undurraga EA, Halasa YA (2013) PLoS Negl Trop Dis 7(2): e2055. 
M
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CDC Dengue Map – 01MAY – 01NOV 2014 

Local level 
Country level Note Cases in Temperate Climates ! 

Reporting sources – WHO, MOHs, ProMed, GeoSentinel, EuroSurveillance, World Org 
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In the news … 
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Dengue in the U.S. 
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Dengue in the U.S. 
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Centers for  Disease Con t ro l  a n d  Preven t ion  

W e e k ly  I  Vo l .  5 9  I  N o_  19  

Local y Acquired Dengue 
o nset ana memoa  or 1aentmcat1o n  -  Key west , Monaa, L U U - L U I u  

7 ....... 

M o r b id i t y  a n d  M o r t a l it y  W e e k l y   R e p o r t  

M a y  2  1,  20 10  

D  Household serosurvey 

[ ]   Medical record review*  

• Case reports from physicians 

6 

5  

4 

2 

0 

19   26 2 9t    16    23    30 6 13 20    27 4 11    18  5 
July August September October April 

Fever 28 (100) 
Headache 22 (79) 

2009 2010 Myalgia 23 (82) 
Week of illness onset Arthralgia 18 (64) 

Eye pain 14 (50) 
* Two cases identified in both household serosurvey and medical record review are shown           Rash             1 5                (54) 
as record review cases. Bleeding 6 (21) 

Key West, F orida, 2009-2010 
acqu1rea aengue - Key west, t-1onaa, L U U - L U Iu  

----. Characteristic No. (%)* 

Sex 
Male 

19 (68) 

Female 9 (32) 
Age group (yrs) 

<20 
21-40 
41-60 

>60 
Race 

11 
11 
5 

(4) 
(39) 
(39) 
(18) 

White 24 (86) 
Black 3 (11) 
Asian/Pacific Islander 1 (4) 
thnicity 
Non-Hispa nic              25                
(89) 
Hispanic 3 (11) 

 Symptoms 

*  Percentages might not add to 100% because of round ing. 
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Dengue in the U.S. - Florida 2013 
• 2013: 

• 26% of all dengue in the US 
• All 4 serotypes, mostly DENV-1 
• 120 travel related cases 
• 23 locally acquired cases 

• 22 from Martin County 
 

• 2014 
• Few cases 
• Both travel and locally acquired 

CDC Dengue Map, 15 OCT 2013 
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Puerto Rico : 2014 epidemic compared 
to 2015 (through 6/24/15, CDC) 

References: CDC Website 



27 

Puerto Rico 2014 Epidemic 

References: CDC Website 
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“With respect to specific diagnoses, malaria was one of the three 
most frequent causes of systemic febrile illness among travelers 
from every region, although travelers from every region except 

sub- Saharan Africa and Central America had confirmed or 
probable dengue more frequently than malaria.” 



29 
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Dengue U.S. Military Impact 

• WWII: >85,000 U.S. cases 
Outbreaks: 80% attack rate 
Saipan: 20,000 cases in a 3 month period 

 
• Vietnam (1966): most prevalent cause of FUO 
 

• Somalia (1992-93): 59 cases/289 febrile 
troops 

 
• Haiti (1994): Most common infectious cause of 

hospital admission 
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Dengue Risk / Threat to DoD 
• Prevalence and Risk to Soldiers (2003-2012) 

– To tal Cases: 631 
• Active Duty: 177; Reserve: 35; MHS Beneficiaries: 419 
• No record of attributable deaths 

– Dengue Mission Impact Projections 
• Not severe: hospitalized ~5-7 days, low functioning ~14-28 days 
• Severe: evacuation to MTF, ICU care?, death?, LDD >1 month 

– Deployment 
• DODSR: 500 samples, deployed between 2006-2008 

– 11.2% seroprevalence of dengue antibody 
– 2.4% with monovalent profile (high risk with next infection) 

References:  *Dengue Tetravalent Vaccine CDD;  +DMSS 
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Seroprevalence of DENV Exposure in 
Deployed Personnel 

 • DODSR, 1000 samples, first time deployers, 2008-2011 
• 250 samples selected per COCOM 
• Tested for presence of neutralizing antibody by microneut assay 
• Overall 7.6% seroprevalence rate of past dengue exposure 
• 1.5% seroconversion rate during deployment (first infection) 
• Increased self report of fever during deployment in those with antibodies 

Seroprevalence Based on 1,000 Post-Deployment 
Samples in First Time Deployers 
Central 
America 

South 
America 

Asia Africa Total 

Percent 4.8% 12.4% 7.2% 6.0% 7.6% 
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DENV Exposure in USASOC Personnel 
• USASOC and WRAIR Viral Diseases threat characterization 

• 1027 samples tested since 2010 

 
• Pre/post-deployment sample collection in SOC personnel 

• Tested for presence of neutralizing antibody by MN assay 
• 13.73% are seropositive to at least one DENV serotype 
• 9.35% are tetravalent responses 
• 4.38% are monolavent, bivalent or trivalent responses 
• Ongoing testing 

 
• USASOC personnel are highly primed to dengue, a proportion are in 

high risk category for severe disease with secondary infection 
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DOD Infectious Disease Threats 
Disease 2010 COCOM panel rank ID-IDEAL Rank 

Malaria 1 2 
Dengue 2 3 
Diarrhea, bacterial 3 1 
MDR wound pathogens 4 NA 
Leishmaniasis 5 19 
Q fever (Coxiella burnetti) 6 26 
Norovirus / viral diarrhea 7 NA 
Influenza 8 NA 
Leptospirosis 10 7 
Diarrhea, protozoal 11 11 
TB 12 NA 
CCHF 13 10 
HIV 14 8 
HFRS 15 17 
Chikungunya 16 4 
Meningococcal meningitis 17 20 
Plague 18 27 
Ricketsioses 19 18 
Viral encephalitides 20 NA 
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Case Presentation 
• 18 year old native from Thailand (moved to US at 10 years of age) presents in 

August with 2 days of illness including fever, headache, bone pain, and nausea 3 
days after returning from a vacation in Puerto Rico. You suspect he has a dengue 
infection. He is tolerating PO intake without vomiting and is urinating. Vital signs 
except for temperature (102.5F) are in the range of normal. Mucous membranes 
are moist, skin turgor is normal, abdominal exam is normal, and lungs are clear. A 
CBC reveals a low WBC (3.5k) but otherwise is within normal limits. Electrolytes 
are normal. 

• What is the most reasonable initial management strategy? 
 

– 1. treat as outpt, provide NSAIDS, encourage PO fluids 
– 2. treat as inpt, provide 1L NS bolus, monitor in ICU setting 
– 3. treat as outpt, provide acetaminophen, encourage po fluids, F/U 
– 4. treat as inpt, encourage PO fluids, perform q6 hr HCT evaluations 
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Clinical Phenotype 
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Suspecting Dengue 
• Travel to endemic region 
• Incubation:  4-7 days, range 3-14 days 

• Travel > 14 days prior = other dx 
• Classic “Breakbone fever” 

• 15-60% of patients 
• Myalgias, arthralgias 
• Headache, retro-orbital pain 
• Rash 

• 2-5 days AFTER fever onset 
• More common in primary infection 

• Nausea, vomiting, abdominal pain 
• More common in secondary infection 

Classic dengue rash: “islands of white in a sea of 
red.” Patient with acute dengue fever, Puerto Limon, 
Costa Rica, 2010 

http://www.itg.be/itg/DistanceLearning/LectureNotesVande 
nEndenE/imagehtml/ppages/CD 1038 061c.htm. Used 
with permission 

http://www.itg.be/itg/DistanceLearning/LectureNotesVande
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Diagnosing Dengue 
• Maintain high degree of suspicion 

– Geographic location 
– Clustering of cases 

• History and physical 
– Clinical presentation 
– Vital signs (HR, BP, Temp) 
– Dengue tourniquet test (TT) 

• Clinical lab assessment 
– CBC (WBC, HCT, PLT), AST/ALT 

• Dengue tests in US 
– IgM capture ELISA 
– CDC RT-PCR 

• Dengue area, +Clinical, +TT, WBC<5k = High PPV (~70%) 



39 

Dengue Tourniquet Test 
• Measure BP 
• SBP + DBP / 2 = target insufflation pressure for test 
• Inspect area near antecubital fossa 

– You will assess delta before / after 
• Inflate to target pressure 
• Hold for 5 minutes 
• Remove cuff 
• Reassess antecubital fossa 
• Count # of petechiae in 2.5 cm2 area 
• ≥10 new petechiae is positive 
• TT measures capillary fragility, severe disease predictor? 
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1997 WHO Dengue Fever Case 
Definition 

• Dengue Fever (DF) = Acute febrile illness + fever and AT LEAST 2 
of: 
• Retro-orbital or ocular pain, headache, rash, myalgia, arthralgia, leukopenia, 

or hemorrhagic manifestations but not meeting the case definition of 
dengue hemorrhagic fever. 

• Dengue Hemorrhagic Fever (DHF)= DF + ALL bellow 
• Fever 2-7 days, 
• hemorrhagic manifestation or a positive tourniquet test 
• Thrombocytopenia (≤100,000 cells per mm3) 
• Evidence of plasma leakage shown by hemoconcentration 

• Dengue Shock Syndrome (DSS) = DHF + circulatory failure 
 

• Definition revised to improve care to those not meeting DHF definition, 
emphasize plasma leakage as a sign, and improve disease capture and 
reporting. 
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Clinical Phenotypes 



42 

http://whqlibdoc.who.int/publications/2009/9789241547871_eng.pdf 
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Suggested Dengue Case Classification and Levels 
of Severity 
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Pathophysiology 

Dengue Ward:  QSNICH, Bangkok, Thailand (Photo: Christopher Brown, IHT) 
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Exposure Determinants – Infection Risk 
•Tropism for Aedes 

•Tropism for man 
•Replicative kinetics 

-Human / Aedes 
•“Immune avoidance” 

- Human / Aedes 
•Evolutionary capacity 

Virus 

•Response to ecology 
- Temperature 
- Rain 

•Infection resistance 
- Co-infection 

•Evolutionary capacity 

Vector 

Host 

•Immune profile (dengue, other flavivirus) 
•Vector exposure dynamics (duration, concentration) 

•“Neighbors” infection status 
•Activities of daily living (who, what, where, when) 
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Infection Outcome Determinants – 
Disease Risk 

 
•DENV type 

•DENV genotype 
•Replicative kinetics 

•Immune evasion 
•Target cell tropism 

•Evolutionary capacity 
•Sequence of infection 

Virus Vector 
•Salivary proteins 

Host 

•Immune profile (first infection, humoral, cellular) 
•Demographic (age, race, genetic background [HLA]) 

•Co-morbidities 
•Medical system sophistication treating dengue 
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Infection  1 ---+- I   E_a_rl_y_v_ir_a_emia  I l   D_i_se_a_s_e   

High Dengue haemorrhagic fever 

Figu re 4 I A balance between favourable and unfavourable factors determines the 
clinical outcome of dengue virus infection. Virus inoculation by Aed es aegypti mosq 
uitoes results  i n vi ral d issemination, which in tu rn resu lts  i n disease ma nifestation s; high 
virus titres are necessa ry but not sufficient to ca use  severe d isease. Vira l a nd host 
factors affect ea rly vi ral replication a nd influ ence the level of vi raem ia. Ot her host factor 
affect the levels of prod uction of va rious cytoki nes (such as interferon-y (I FNy) and 
tu mou r necrosis factor (TN F)) a nd determi ne t he severity of illness for a ny given level of 
viraemia. APL, a ltered peptide liga nd. 

Low or none - - - - 
 

• Less virulent virus strain 
• Host genetic  resistance 
• Neutraliz ing antibody 
• Early IFNy response 

- - - •  Subclinical 

• Low cytokine product ion 
• Nutr it ional factors 
• Genetic factors 
• Small APL effect  

- -+  Moderate  - - - - - - -  Dengue fever Mosquito b ite 
-  

• More v irulent virus strain 
• Host  genetic predisposit ion 
• Enhancing antibody 
• Delayed IFNy response 

-  
• High cytokine product ion 
• Nutr it ional factors 
• Genetic factor s 
• Large APL effect  

Whitehead, S. S. et al. Prospects for a dengue virus vaccine. Nature Reviews Microbiology 5, 518–528 (2007) 
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Disease Risk – What We Know 
• VIRULENCE LIKELY SEROTYPE (DENV 2) AND GENOTYPE 

(ASIAN STRAINS) SPECIFIC 
 

• RISK FOR SEVERE DISEASE DECLINES WITH AGE 
 

• SEVERE DISEASE APPEARS LESS COMMON IN 
MALNOURISHED CHILDREN 

 
• HOST (HUMAN) GENETIC VARIATION SUCH AS HLA TYPE 
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Secondary Infection 
• Increased risk of severe dengue if infected with a different serotype 
• Heterotypic antibodies protective against all 4 serotypes for a brief period 

• At least 3 months 
• Antibody Dependent Enhancement 
• Serotype sequence and virus genotype may be important 

• DENV 1 followed by DENV 2 
• Asian DENV 2 genotype but not American (Watts 1999) 

• Host Specific 
• 3rd  or more heterotypic infections have much lower rates of severe disease 
• Multiple serotypes / genotypes circulating in one area 
• Interaction between dengue and immune system is complicated 
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Endothelia l cell 
dysf unction 
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Endothelial cell 
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Dengue Clinical and Lab Parameters 
 

24 hr period around 
defervescence = 
danger period 



53 

Dengue Fever 
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Dengue Hemorrhagic Fever 
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Pleural 
Effusion 

Index 

R LAT decubitus X-ray showing a large pleural effusion, DHF the day after defervescence. Degree of plasma 
leakage may be quantified by means of the pleural effusion index. The pleural effusion index is calculated as 100 
times the maximum width of the R pleural effusion, divided by the maximal width of the R hemithorax. 
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Hemoconcentration 
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Diagnosing Dengue 
• FDA-cleared 

• DENV 1-4 Real Time RT PCR (June 2012) 
• DENV Detect IgM Capture ELISA (April 2011) 

 

• RDT, Filter Paper Cards 
• No FDA-cleared RDT yet 

  FY17? 

• NS1 antigen detection 

• Antibody detection 

IgM and IgG ELISA 

Ideally combined with NS1 

detection 
CDC 
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Evaluation of d iagnostic tests :  dengue 
Rosanna W Peeling, Harvey Artsob,  Jose Luis Pelegrino,  Philippe Buchy, M a r y  J .  Cardosa,  Shomo/a Devi, Delia A. Enria,  Jeremy 
Farrar, Duane J.  Gubler, M a r ia  C. Cuzman.  Scott B. Halstead,  Elizabeth Hunsperger, Susie Kliks,  Harold 5.  Margolis,  
Carl M .  Nathanson,  Vinh Chau Nguyen,  Nidia Rizzo, Susana Vazquez and Sutee Yoksan T DRb} 

UNICEF • UNDP • Wo.ld      n l  • W1 IO 

Figure  1 ICompa rative merits of direct and ind irect laboratory methods for the d iagnosis of 
dengu e infections. Opportu nity refers to the fact that antibody testing is usua lly the most pract ical 
d iagnost1c option available. 
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Case Presentation 
 
 

• 18 year old native from Thailand (moved to US at 10 years of age) presents in 
August with 2 days of illness including fever, headache, bone pain, and nausea 
3 days after returning from a vacation in Puerto Rico. You decide to manage 
him as an outpatient. He fails to follow up as requested but does return day 6 
of his illness afebrile with resolution of some symptoms but he now has 
abdominal pain, slight shortness of breath, and lethargy. 

• What is the most reasonable management strategy at this point? 
– 1. Continue close follow up as outpatient, encourage PO fluid intake, this is 

the natural history of a resolving dengue infection 
– 2. Admit to the hospital, approach as a critically ill patient, this is a 

severe dengue virus infection 
– 3. Admit to the hospital, evaluate for another infectious disease 

process, these new symptoms represent a new medical problem 
– 4. Prescribe doxycycline, he probably has leptospirosis 



60 

Suggested Dengue Case Classification and Levels 
of Severity 
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Dengue Treatment 
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Dengue Treatment 
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Algorithm for Fluid Management in Compensated Shock 

• Assess 
• Intervene 
• Re-assess 
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Algorithm for Fluid Management in 
Hypotensive Shock 
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Consider 
occult / overt 
bleed 

• Assess 
• Intervene 
• Re-assess 
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• • • • • • • • Textbox A. Good clinical practice and bad clinical practice 

Good practice Bad practice 

1 Assessment and follow-up of patients with Sending patients with non-severe dengue home 

non-severe dengue and careful  instruction of with no followup and inadequate instructions 
warning signs to watch out for 

2 Administration of paracetamol for  high fever Administration of acetylsalicylic acid  (aspirin) 
if the patient is uncomfortable or ibuprofen 

3 Obtaining a haematocrit level before and Not knowing when  haematocrit levels are taken 

after fluid boluses with respect to fluid therapy 

4 Clinical assessment of the haemodynamic No clinical assessment of patient with  respect 

status  before and after each fluid bolus to fluid therapy 

5 Interpretation of  haematocrit levels in the Interpretation of  haematocrit levels independent 

context of fluid administered and haemodynamic of clinical status 
assessment 

6 Administration of intravenous fluids for  repeated Administration of  intravenous fluids to any patient 

vomiting or a high or rapidly rising haematocrit with non-severe dengue 
7 Use of  isotonic intravenous fluids for severe Use of hypotonic intravenous fluids for severe 

dengue dengue 
8 Giving intravenous fluid volume just sufficient Excessive or prolonged intravenous fluid 

to maintain effective circulation during the administration for severe dengue 
period of  plasma leakage for severe dengue 

9 Avoiding intramuscular  injec tions in dengue Giving intramuscular injections to dengue patients 
patients 

10 Intravenous fluid rate and frequency of  monitoring Fixed intravenous fluid  rate and unchanged 

and haematocrit measurement adjusted frequency of  monitoring and haematoc rit 
according to the patient's condition measurement during entire hospitalization 

for severe dengue 
1 1 Close monitoring of blood glucose, i.e. Not monitoring blood glucose, unaware of  the 

tight glycaemic  control hyperglycaemic  effect on osmotic diuresis and 
confounding hypovolaem ia 

12 Discontinuation or reducing fluid therapy once Continuation and no review of intravenous 
haemodynamic status stabilizes fluid therapy once haemodynamic status stabilizes 
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Dengue Vaccine Development 
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Dengue Vaccine Pipeline 2013 
Pre-clinical Phase 1 Phase 2 Phase 2b 

Development halted * 

Tetravalent product to endemic regions 
Development halted 

US and Puerto Rico 
Ongoing trial in PR, other endemic 

Tetravalent study ongoing 

Green = human testing; 
Red = pre-clinical NHP study underway 

NHP study underway 

NHP study underway 

NHP study completed 
NHP study completed, no further development 
DENV-3 component derailed initial effort, reformulating  

NHP studies completed 
Exploring future 

Sanofi Pasteur (CYD) 
WRAIR/GSK - LAV 

NIH/JHU - ∆30 mut NMRC 
– Tetra DNA + Vaxf. 
WRAIR/GSK – PIV + AS 
Takeda – DENVax 
Merck / HBI – r80E + ISCO 

GenPhar – Cad-Vax 
NMRC/Genvec – Adv5_DNA 
Mahidol - LAV 

FDA – mutF 
Carolina – alphavirus vector 
VaxInnate – flagellin E 
Altravax – flagellin E 
Arbovax - mutant 
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Experimental vaccine protects against 
dengue virus 

M A R C H  2 0 1 6 ,  N I H  R E S E A R C H  M AT T E R S  

An experimental dengue vaccine called TV003 was developed by a 
research team at NIH’s National Institute of Allergy and Infectious 
Diseases (NIAID). 
In previous work, the team showed that the vaccine safely produced an 
immune response against all 4 virus serotypes. 
 
This experimental dengue vaccine protected all the volunteers who 
received it from infection with a live dengue virus. 
The vaccine is now advancing into a large clinical trial in Brazil. 
 

The live attenuated dengue vaccine TV003 elicits complete protection against dengue in a human challenge model. 
Science Translational Medicine. 16 Mar 2016. vol. 8 no. 330 330ra36. 
DOI: http://dx.doi.org/10.1126/scitranslmed.aaf1517 (link is external). 

http://dx.doi.org/10.1126/scitranslmed.aaf1517
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Sanofi Pasteur’s CYD Tetravalent 
Dengue Vaccine (TDV) 

• Three doses at 0, 6, 12 months 
• Completed two large phase 3 studies in Latin America and Asia 

among mostly seropositive children exposed to all 4 serotypes. 
• Vaccine is efficacious against dengue fever 
• Substantial protection against severe dengue 
• Protection varied by serotype (DENV 2 worst) 
• Lowest efficacy in 2-5 year olds 
• Poor efficacy for subjects seronegative at baseline 
• Marketing and licensure ? 
• Fit for US travelers and military personnel ? 
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Development Challenges 

• Each DENV type may cause severe disease/death 
– Viable vaccine requires efficacy against multiple types 
– Immune interference may prevent balanced response 

 
• Incomplete understanding of protection / pathology 

– Will a poor dengue vaccine increase / worsen disease? 
– Extrapolating wild type infection data to immunization? 

 
• No validated immune correlate of protection 

– No metrics or benchmarks for vaccine developers 
– Increases need for larger scale clinical trials 
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Development Challenges 
• No validated animal model of disease 

– NHPs develop viremia and Nab but not disease 
 

• No validated human infection model 
– Advancing vaccines based on Nab and NHP data 
– Efficacy trials may not capture efficacy vs. all DENVs 
 

• Biologic assays used for endpoint determinations 
– Inter-assay variability notorious 
– Neutralizing antibody’s ability to predict efficacy? 
 

• Numerous indications with unique challenges 
– Needs vary at the time, space, and population level 
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Conclusions 
• The world needs a dengue vaccine! 
• Global dengue burden is increasing 
• Maintain a high index of suspicion in febrile traveler 
• High financial and societal cost associated with disease 
• Numerous factors continue to drive transmission 
• Numerous vaccine development challenges exist 
• Dengue vaccine pipeline robust 
• Numerous areas for expanded study exist 
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