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Case Presentation 

• 18 year old native from Thailand (moved to US at 10 years of age) 

presents on day 2 of illness with fever, headache, eye pain, bone pain, 

and nausea 3 days after returning from a vacation in Puerto Rico. 

Dengue is suspected and he is treated symptomatically as an outpatient 

with NSAIDS and po fluid intake is encouraged. He returns 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 best next step and rationale for the same? 

A. Continue close follow up as outpatient, encourage po fluid intake, 

this is the natural history of a resolving dengue infection 

B. Admit to the hospital, approach as a critically ill patient, this is a 

severe dengue virus infection  

C. Admit to the hospital, evaluate for another infectious disease 

process, these new symptoms represent a new medical problem 

D. Prescribe doxycycline, he probably has leptospirosis 
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Lecture Objectives 

1. Attendees will understand the global distribution of 

dengue virus circulation and disease. 

2. Attendees will understand the spectrum of dengue 

clinical phenotypes and the clinical and laboratory 

findings and parameters which distinguish mild from 

severe forms of the disease. 

3. Attendees will understand the nuances of treating 

dengue and best management practices. 

4. Attendees will become familiar with countermeasure 

development efforts.  
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Lecture Outline 

• Basics 

• Epidemiology 

• Clinical Phenotypes  

• Pathophysiology 

• Diagnostics 

• Treatment 

• Vaccine Development 

Kuhn, R., Purdue University 
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Basics 

• Dengue Viruses 

– 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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Basics 

• Transmission 

– Feeding vector 

– Laboratory acquired 

– Blood supply? 

– Organ donation? 

 

• Vector 

– Aedes aegypti 

– Aedes albopictus 
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Dengue Epidemiology 

Dengue Ward:  QSNICH, Bangkok, Thailand (Photo: Christopher Brown, IHT) 
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Areas supporting dengue virus transmission. 
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Dengue Burden 

Under-estimated and under-reported 

 

389.9M infections/ year 

Bhatt et al., Nature. 2013 Apr 7. 

ASIA 

AMERICAS 
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Brazil 

Indonesia 

Viet Nam 

Mexico 



UNCLASSIFIED Slide 11 

Reports from the last 3 months. 

CDC Dengue Map – 13 JULY 2014 

Local level 

Country level 
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High financial and human cost 
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Figure 3. Aggregate values of 

dengue episodes and economic 

burden by year for 12 countries in 

SEA (2001–2010). 

Shepard DS, Undurraga EA, Halasa YA (2013) PLoS Negl Trop Dis 7(2): e2055.  

Economic and Disease Burden of Dengue in 

Southeast Asia 
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http://www.plosntds.org/
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Factors Driving Transmission  

• DENVs 

– Rapid travel 

– Viral evolution 

• Naïve hosts 

– Population growth 

– Increased urbanization 

• Vector 

– Ecologic changes 

– Evolution 

DENVS Vector 

Naïve 

Hosts Transmission 

& Disease 
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Factors Driving Disease 

• There is a significantly increased risk of severe 

dengue disease (dengue hemorrhagic fever) 

when infected a second time with a different 

DENV type than what you were infected with 

during your first infection (i.e. DENV-4 during first 

infection, DENV-2 during second). 

 

• Co-circulation of numerous DENV types in 

similar time and space increases risk of 

experiencing multiple infections with different 

DENV types.  
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D. Gubler 

DENV Type Distribution - 1970 
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Global Air Travel Flight Patterns 

http://upload.wikimedia.org/wikipedia/commons/a/ac/World-airline-routemap-2009.png 



UNCLASSIFIED Slide 18 

D. Gubler 

DENV Type Distribution - 2004 
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Average dengue incidence per 100,000 by 

country, Region of the Americas, 1980–2007. 
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Middle East 
Pakistan 
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Brown – dengue reported 
 

Light Brown – dengue not reported 

but vector exists 

 

White – data not available 

 

Africa 
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United States 
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United States 
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Florida 2013 

References: 5) Florida Dept. of Health  Website    6) Florida Arbovirus Surveillance: Week  36 September  2013 

• Locally Acquired Dengue  as of SEP 2013: 

– 22 cases 

– 20 residents, 2 out of state 

– Martin (21) and Miami-Dade (1) 

• Imported (traveler) Dengue 2013:  

– 88 cases imported into Florida 

• 69 / 110 cases serotyped by PCR 

 

Serotype # of cases 
DENV-1 50 
DENV-2 1 
DENV-3 3 

DENV-4 16 

2013 total 69 CDC Dengue Map, 15 OCT 2013 



UNCLASSIFIED Slide 26 

Puerto Rico 2013 

References: 1) CDC Website    4) Dengue Surveillance Weekly Report, CDC, December 2013 

Total viral identifications in the last 12 months 

Serotype Distribution 

Totals through 31 DEC 2013: 18,164 suspected, 9,032 confirmed, 50 severe (DHF), 12 deaths 

Suspected cases reported compared to the historical average 
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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.” 
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Ashburn 

Craig 

Siler 

Sabin 
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Dengue Risk / Threat to DoD 

 References:  *Dengue Tetravalent Vaccine CDD;  +DMSS 

 

• Prevalence and Risk to Soldiers (2003-2012) 

– Total 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) 
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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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Seroprevalence of DENV Exposure in 

USASOC Personnel 

• USASOC and WRAIR viral disease threat characterization 

• Pre- and post-deployment sample collection in deploying SOC personnel 

• Tested for presence of neutralizing antibody by microneut assay 

 

• NOV 2013: 411 pre-deployment and 7 post-deployment samples tested 

– N = 56 pre-deployment positive (13.6%) 

– N = 8 pre-deployment monovalent profiles (2.0%) 

– N = 2/7 post-deployment seroconversions (qualitative [neg to pos]) 

 

• Summary: USASOC personnel are highly primed to dengue, a 

proportion are in high risk category for severe disease with 

secondary infection, clinical impact will likely not be documented, is 

this knowledge changing approach to febrile patient during 

deployment?  
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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 

DOD Infectious Disease Threats 
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Clinical Phenotype 
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http://whqlibdoc.who.int/publications/2009/9789241547871_eng.pdf 
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Dengue Infection  

Clinical Phenotypes 
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1997 WHO case definition for DHF/DSS 
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Dengue Hemorrhagic Fever 
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2009 WHO dengue case definitions 
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Dengue Fever 

Plt 

WBC 

AST 

ALT 

Albumin 
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Dengue Hemorrhagic Fever 
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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.  

Pleural 

Effusion 

Index 
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Hemoconcentration 
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Pathophysiology 

Dengue Ward:  QSNICH, Bangkok, Thailand (Photo: Christopher Brown, IHT) 
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Exposure and Infection Outcome Determinants 

Host 
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Exposure Determinants – Infection Risk 

Virus Vector 

Host 

•Tropism for Aedes 

•Tropism for man 

•Replicative kinetics 

-Human / Aedes 

•“Immune avoidance” 

- Human / Aedes 

•Evolutionary capacity 

•Response to ecology 

- Temperature 

- Rain 

•Infection resistance 

- Co-infection 

•Evolutionary capacity 

•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 

Virus Vector 

Host 

•DENV type 

•DENV genotype 

•Replicative kinetics 

•Immune evasion 

•Target cell tropism 

•Evolutionary capacity 

•Sequence of infection 

•Salivary proteins 

•Immune profile (first infection, humoral, cellular) 

•Demographic (age, race, genetic background [HLA]) 

•Co-morbidities 

•Medical system sophistication treating dengue 
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Diagnosis 
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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 area, +Clinical, +TT, WBC<5k = High PPV (~70%) 
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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 
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Dengue Treatment 
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Consider 

occult / overt 

bleed 
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Dengue Vaccine Development 
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SP- Chimerivax 

WRAIR/GSK - LAV 

NIH/JHU - ∆30 mut 

NMRC – Tetra DNA + Vaxf. 

GenPhar – Cad-Vax 

WRAIR/GSK – PIV + AS 

Inviragen – PDK53 

FDA – mutF 

Pre-clinical Phase 1 Phase 2 Phase 3 Phase 2b 

Mahidol - LAV 

Carolina – alphavirus vector 

Dengue Vaccine Pipeline 2013 

Development halted 

Tetravalent product to endemic regions 

DENV-3 component derailed initial effort, reformulating 

Exploring future 

US and Puerto Rico studies - PoConcept 

Ongoing trial in PR, other endemic 

NHP study completed, no further development 

NHP study completed 

Green = human testing; 

Red = pre-clinical 

Merck / HBI – r80E + ISCO Tetravalent study ongoing 

NMRC/Genvec – Adv5_DNA NHP studies completed 

VaxInnate – flagellin E NHP study underway 

Altravax – flagellin E NHP study underway 

Arbovax - mutant NHP study underway 

Development halted 
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NMRC & others: DNA (preM+E) + adjuvant 

Inviragen: DENV-2 PDK backbone,  

Directed mutagenesis, DENV-2/-1, -2/-3, -2/-4  

NIH: Directed mutagenesis,  

deletions, point mutations 

Stand alone and chimeras 

Sanofi P: YF 17D backbone 

Dengue prM and E 

Monovalents formulated as tetra- 

Merck: 80% E recombinant 

Expressed in Drosophila cells 

WRAIR/GSK: PIV + adjuvant system 

Full genome, inactivated, formalin 

Various: Domain III antigen 
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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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• Observer-blind, randomized, controlled, monocenter 

• Ratchaburi, Thailand (hyper-endemic for dengue) 

• Healthy Thai children, 4-11 years, N = 4,002 

• Randomized 2:1 (vaccine N=2669 : control N=1333) 

• Injections were administered at months 0, 6, and 12 

• Active case finding until month 25 

• Dengue cases = Fever + viremia or antigenemia 

– RT-PCR or NS1 ELISA  
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Summary 

• Immunogenicity 

– Vaccine effect noted compared to control 

– Seroconversion rates & quantitative antibody response 

• Nearly 100% SC for each DENV type 

• 3.4-12.7 fold rise in GMT following dose 3 

• GMT >100 across all DENV types after dose 3 

• GMT >300 for DENV-2 (lowest efficacy) after dose 3 

 

• Efficacy 

– DENV type specific and variable (D4>D3>D1>D2) 

– Failed to meet primary efficacy endpoint (30.2%) 

– Little variation in efficacy following 1, 2, or 3 doses 
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Case Presentation 

• 18 year old native from Thailand (moved to US at 10 years of age) 

presents on day 2 of illness with fever, headache, eye pain, bone pain, 

and nausea 3 days after returning from a vacation in Puerto Rico. 

Dengue is suspected and he is treated symptomatically as an outpatient 

with NSAIDS and po fluid intake is encouraged. He returns 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 best next step and rationale for the same? 

A. Continue close follow up as outpatient, encourage po fluid intake, 

this is the natural history of a resolving dengue infection 

B. Admit to the hospital, approach as a critically ill patient, this is 

a severe dengue virus infection  

C. Admit to the hospital, evaluate for another infectious disease 

process, these new symptoms represent a new medical problem 

D. Prescribe doxycycline, he probably has leptospirosis 
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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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Questions? 


